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X OHIZ

BEZBOT DI RTEZMITLREN, ZNLE LIV B OREE/DLTDOY A7 2
HRNED, THIEMLBEERLEX vy v TV —r P FICALNIMETIEARL, Fx D HE
EEOHLWWH LA, SHIEEZRE N2 TRLIMOEYOEFEHRKIZE W THIEL <
ELHWMHBOMETH D,

Bl 70 BN A AT D WX FRNCHE R Z TRT 2 2 E N KR TH D28, BUEIZ LTI 23 H 7
LOBNBELFET D, BORENBGBOLNLINEVRERE 2D RS AHERZ LTV
A IS GEMZRERICALTIEIME 122 . 2 BZVELIBROAEERE
WoHynolc LTh, TNEHLS ETHHETHYRENICED L) R LR DTV
Blwv, ZTOZLRERRENRIND ETHBICEHEERMBEL 2L, BPAMICIE. €20
BOMPENREEZNZTNOAERERN S > TORIE, MIFEZHE LZAEZEICERRE
ZITHOONHEY TH L, FIZITES CIFYUEACELZOARK LY RINTEY, ffiHICH
HEZHFETHZERAHETHD, TLTETOMBAEIT I ADOL Lo ALSKEZ @2 FE
STWEIDLITFENGEDLTICHESE LRI WVWEWNnS Z iz d, L2PLERBICIEELLLE
AT DANEIHRELFET D, ZOLDICHFBEIFRHTE 2 L9 2RBICENTH, A
P L HMEICH - BEREZITI LIIRORV, DEVFRRNRTHTERNE NS«
ATE P E SV G EAEL B, e FOBRBREICREREEL XD L
NHDLDODTHD,

T2 bREMIZOE IR A7 2 BERREZITHOBRICED LS R HHICHES
WTEBRZITWD, TLTENEZEDLIRWMDOA D =R AL TEAH IR TNDDIEA
I THNETHEEZ OITEIFMNIELR RS, TOTEHFEEIZE LN D0 OBR P RE S
nNTws (MR2ICTHHEZRELE) . ZLTEFEY 227 & 045 BERREICE D LMk
mHLL LT HOH L E > TE 7= (reviewed in Doya 2008; Rushworth et al., 2011; Schultz
2011) . 1994 4 Bechara b (341 THERERAIZ, WO K E OBRGENL & RFE R U X 7 @4tk (Y
A7 BRES BIRE G 0MHE) OBBMEIC OV TS Kk L7 (Bechara et al., 1994; Bechara et al.,
1999) . WO T A AT X v T AGREE HWC, AiSEIRES (& & T ni 5 ni s i W aEs)
FRELEBEEDREEDBIDLDLIORIAZOHVEREITOMNERT I EE2HEL T
W5 (GEMIZME 322 ) o ZOoMENSBHIRET IR L0 R ICNDb TR 728
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RWTEREZTOLDICEHBREHZRTZL TV LEEZLONLTWVD, URATZ 2 BEERE
BT OMBEREEOEEMILT, TOROREE LN RICUIMEREAS A —Y 7%
(Rogers et al., 1999b; Critchley et al., 2001; Ernst et al., 2002; Fukui et al., 2005; Tobler et al.,
2007; Lietal., 2010) (2 &> CTHKEFSNT=A, £ 4 & [F R I FiEE AT EF 75 S0 A0 <0 B2 P AR ED
R E AR, RkE 7R &2 OOk % R MEROBE GOV THE ORRP RS L

(Breiter et al., 2001; Kutson et al., 2001; Tom et al., 2007; Venkatraman et al., 2009; Mohr et al.,
2010) o SREIZE O LEEMEREA A — Y ZMIRICE D U R 7 ) BERE~DFELG R
RBEINTHBTHY AFEZOBREEZMIHT 2720L < OPFZEERED 51T 2% (Paulus et
al., 2003; Kuhnen and Knutson, 2005; Preuschoff et al., 2008; Xue et al., 2010; Burke and Tobler,
2011) , B E L FRICHTEBIZ X v o 7 VRRBEICE W T U A 7 ZfF 5 @IRZ 17T 5 B (Paulus et al.,
2003) A B v h~v¥— > TH-o 72l (Clarketal., 2010) IZfIGELT 5 Z &b, FMBIC
VA7 WD X RBBREATOHECHEHERER Z RIS IRENHEESN D, L LINE
BEA A=V TMHETIZY A7 29 BRREL HERERTMOIESE & OMEERITI RSN
boo, TORRBERERLIEHRITRLS, ZERIZEDOX I RBE2H- TV L DNITAY
Th o7,

ZZTEEDLII Ty PEETNE LICATEIERBEERZIT WV, &EERTE O RNIEEMS T >
FDOYRZBRIGFMWIZE 2D B2, THRETILAA—MLzE L TEKHRLES
v MU REEIZ2TWMOKBZEOLND Y A7 BRWRIRE” & “fFOK 4FHIE SR D ATEEEN
HOLVHERSONTELMEEBEONRNAREELHD VAT RHLBRRNE"ZERIE . EHDH
EE S BRTD2020-> TY A7 BREMEZFIM L7, BIREWZ L1122 ORI O B E
FEMTHLICL20DOLT . Ty NIV ARIPRHLEBREEZGFATERT 2B M EZRLT,
L LEHBERICEWCEREMTICHRBRIES Z2ME S50 0LvF— NI n T =
(GABAAB LU gZBEKROT T =2 ) ZRPTEAT L & KT v MY R 7 2T @
MR 2 THHEICHONLDBREZITILOIC R, ThIFTHRINZ X D ICEKEHR
HIZIZY) A7 B A RET DHEEN DL L2 R LT WD, —HalBEIRE B O RIEMHELI
FATHFFE L RIEEY A 7 B EZBIMS T2 2 D, BIEIREBICIX Y 2 7 @2 M4
LHEN DD L BHERINE. FBLETEZIOREIC DN TCRBT 5, M, Z O E T 2012
4 Journal of Neuroscience FEIC THEINTE Y | EAMED T LR TH O IR I

000 - FFHOELRmLITTHEREIN TV D,



EHICY AT &S BEREETOBRERICEREMBNEO XD RMRIEE 27~ 3 0 )
HoNCT 270D, FHFIIMBT 2MERLE ST OE LFAETH o> LEEEERE LFET
BRAEMEREIT o7z, TOME., BREMBOIZLEA LEOH —RIGEENITITEIRE D 1 <
b {ERAETOHME, M E X O D E TOMM., EEICHM NG X b %o R
ODNT NS LIFEBICKIEEZTRL, SHIEEOFDOELINY A7 03 5 EREERAL
GaL UV RIPRWEIREZRAULESG G CERDIEIZRT I ERHLNERoT, FFIZ
AT N BRI & 33 S E AT R R AR E RN (B2 W ILA) 3 2 B — MRt iE B
MBER I NI LF, FRETIEH 20, BREMBPAREOZEBRREZLD L DIZERSEE L
TV ZeZpRRL TV ESICBbing, M. ZOWFZERROFEMIT 2013 F5iEK OB L
ML TRRBIN TV DD, Aia TIHERRIE L2,

B2ETIE, F— "I vttubh=vRY 27 245 BEREICKT D EKZERE & A
B OKELZ LD IICHTHB L TV LN HOoNTRERT 5, #ido & 5 124 MbfE R o %
FHCX T 2 BN T — T, TNDH AR T 5 L E X b N L5 IKH T E R ORI ZEDE
ThdrR=—NIvltr b= OHEHIZOVWTHLEZLOFENRINTE, EZANBE
DHFFEIC B W TIEEMN O EIE TIE RS MEEH L WVIETEHF DO F—I v - kw b= RE
FERELCWERZY, 2RO OB IREDE N EEICERT 2 ENOMEROKEIC S0 X
IBEELEEZ TV DLINIIOVWTIEREARAPAREAR L, EZCTARFETIZ, FL1ETY R
JEMAEIBEREICBVWTERRLIBELAT LI LR 0o BRERIT L ATHERET O 2
FIRIC F— "I U FAEAN Lt b= ZREREEMNZRFTRE L, U227 BEMEICE 2
LEHBEFTMLI, ORIy -0 b= ETNENDOEERZEMEY T X A7 Dy -
Dy * 5-HTia * 5-HT oA A BICEIRO RHERN 2 H Wi, THUEZEERY 724 712k T=
2—u N RFETAEBERRET TR, BBEOMRLU T FICHT ML R0,
ITENCEZ D2 BIZBVWTHEVWVRELDIAREERb D TH D, TO/KR, Er b=
VD 5-HT Ao Z AR EANLE RERTHBICB W T Y A7 g2 8N+ 2 — 5, aisd ik & 5
WWEBWTIHY A RIEEEZFADT L2000 EL R—"I 00 D, XFEKEEH G 5
RERBICB T A7 BEMEZ BN S E 208, FEMRMAT 24T 9 L. 5-HT 14 5% & KR E A
XX Y U T NVICATEHRDO Y A7 RGEEZE NI E TN EDICR L D S FEBFANL X v
VTN o T B DY AT RIFEEBINSE TN ERN g ol, TROLORERNL, £
TV 24 BERECBTCEr b=V 3B HEMT EMBERETO TN OBE%E
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M+ s2L, LT R—RIvbte b= L RESREMTICE DU R 7 RAIMEO(EE
EMZTOVWDHO0O0ZENENDORBICITERBRIKGFHNREVNVEAS D Z ENTIBEINTE, M., 2

@D % F 1% 2014 £ Neuroscience research 3512 TR EINT-,

*ARHITAT RO MEEDL 2 VT B LHLITHEH I N TV AEHENEB L OEHE L2 2013
HA\ZHZE L 7= BRAIN and NERVE ZEDRRGL [NA DRI NN VX = DITEN 2R T B EE ]
EHRIZEDBL TS, o TXEBIOCKZEZENLL LI L TWVWDEH D% FT,



HBL1IE JRIEHEZREET DERERTE

TREEW
&L DOHEFICHLELSEDICIEHE LTI A2 LTIV REAMNEZEETHLED
D, LIrLBECIAZZRY TENEHZA2CET I LICRDESLH, RUBRDITZDAN
TUATHD, TEHMIEDLIICLTY A7 ZWMBDNBITEMNBIREIT>TVDIDESH

IR

w2 HATEHATE O EAF 0BG TN 2 T2 Kb, V27 2B L EHIRK
RBEBRA~OREFEZSISETZERMON TS, Damasio 51T E O b AR 2 ER & L
TE V.R.EWHEBF AT T2 (Bechara et al., 1994) . #fi I IR 9% o 7= & i Il O Fif
HIRE I 2 M Sz E. V. RIIMZ ., FRICHE T2 BRREICEOWTHRALMELZBZ S
Eoricmolc vy, ITERF72 1Q RFlE 1 Z& DB Wisconsin Card Sorting Test X Word
Fluency Test, Category Test 72 E DML FT X FZ RN ZA L TWAHIZHE bbb T, b,
R T DL DERABERNF Yy —E VPR AICF2HLEAKEZMHY IR L, Bechara b
(Bechara et al., 1994) (I DR E DAL OB RE 72 ) A 7 @2 5l S Z 3 HIK & 72
L2 EBEBRAICHENPDO DD, TAFT U Xy 7V EZ HWT, RIEEATE O H T ¢ FijEH
RS (M 3A) Z B L RTEAMBEANMNZBE LBE L LREHELZLDO Y X7 RIFED
BEWIZOWTHRAL (FFMEmme 3 22K o SETIE., FrvA v —3hHosnrbn 4

DRREOFNLREOEMOICHENBFTONDI bOE, SEOBHE LB EZMY KL 2R
CIET 2, BRIEOPICIEFHLZEHRTEL2LbDODORERBER LD VFEDLINA Y AT A
VEZ =V RBREDLDOPZTENLTNTEY, ELT LAY —EZZOEREBNAY R T
D LITRM W R TR L < Ro7c, LLATEHRETRZHELZEFELIZ, £0O
IR THERBANAA Y RATIANA Y Z— B IRE R A2 AR Lz, DF D AR
mHOBBGICL o GERIRMZFISICEZEbiL, B2 BEBLR KD TLE -7 &g
WT&E 5, £D1% Rogers bid, PET # W IMBEREA A —Y v I ko THREFEZH DY X7 %
Y BREREICE T HATERE R NG5 2 & 27 (Rogersetal., 1999b) , =
DIRTE L RV T Y A7 Z WL _XEPHWICHED KO RFHICRL2BLEEN-TZ, EHIC
Tobler 51 fMRI Z T, ATSHIR & AR OMME L~ A Y 27 0 R &E SICHBE L TE
D, FENEMEA A0 R SMOESEHBEL TS Z A2 RH L7 (Tobler et al,
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2007) ., ZAH OB, AIEERET XY 27 2069 BEREREICE W TERIR M 2 5] 512 2%

DENTEHMARFNEORBEY ZITH)>DICEERZE ZRZLTWVWE I EE2REBLTWVS,

— MR REA A — P I K DS, ATEHIRE T 721 T2 < 2 O o kR & 72 ik 35 38 o B
HIZoWTHHbnIc L, ATEEATE & AMUE ., wfREl, ERBREE, BRkELT R L L
O, BREIFX vy 7 VBUEZRIT PSS LT 2 Z e oo EromEsh & (5
B OW T 4 22 8), Lo L. %Iz I1E Rogers et al. (1999b) <° Critchley et al. (2001) .
Ernst et al. (2002) O Fm L TIFMIEL L2 E L Th Il b TWn D D AR T, £ Dk
BBERICOVWTITIFEALEBRZ SN o7, 2003 4 Paulus & 1%, fMRI IV T U 27
ZE LR E RS R ORMEB 2 L L7cGE. ABKEOEHNAY 227 28 LERIZEY
THRCMIEL, S HIICY X7 glEOfRIE L S % Harm avoidance X Neuroticism @ £ & 73 58
WANIEE, VAZEZFTBICEIV B BERENRIEL T2 & & L7z (Paulus et al.,
2003) . LUBE, Bkx RBEE NV — T BWERRA A =V 7 ERWTY 27 240 ERREIC
B L7 BB FRIC S BB AT O IRk 2 # iy L T & 7= (Paulus et al., 2003; Kuhnen and
Knutson, 2005; Preuschoff et al., 2008; Xue et al., 2010; Burke and Tobler, 2011) . Preuschoff &
DTN —=TIXEREREBOEHN Y 227 O TR, TP EERICHONIHRE OREICH
BLTWEZex, 72 Xue 5D 70— EHTEITOEIRTY X7 B8 H 2 RN % HE T ROR
TTUVAIZRLLEREAToILGAEICENEIZRLIZZLZREL TS, LALIND
DMHEREA A =V TR IC L - T R 7 240 BRRE L BREOEE & OB BERITR
Snlboo, TORREEBICOVTEERLEHETZINETICRS, ERICED LD 2
B Z2HoTVDEONIRHTH -T2,

ZITAMBETEBREL Y A7 245 BRREORNRBEM/B LI OZOKELHLNICT
L7, Ty baETNE LIATHEBEERZITV, BREMBOKERELS T v b0 U X
B ED LD B E RIET O, AR OSATHIFE & 5 BOE AT R R R
WU RA7Z2WD L) RBEBRETHOGAICHEZRKRE ZRZTTREES TR, ZORMRE
D EEERTERIE. BEORBICNDOATY 227 2F LTLEDLRW X D ITITENEIR & il
LTW2EEZLNLDATHREE & 3l RBERICH D EHESIND, ATETIEIZOR
BB HIHED & ATBHAR 50 BF OMEREZZ 2 BB IS+ D 7200 & BB HTHE D B RE ML H 2R 2 17 » 7ol 1F
EfR— DA TS BICATHAR & OFERELE ER AT - 72, ATEANR & % O FERE FLE 2 BRI %
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THREDOBRBROIRNRTEY , BONLERERPNANIEOERFILICLDT—F 777 b
WWEERLTWDAEEEZRAT 220 TEH D, 61Ty FoU A7 B IEEZFMT 572
HDOXF v TNVRES 2HBEORMERELZH VD Z L THRRO —KMEICHOWTRIEL 2, 1
DIFEMOBICY R PRI OENTEY “ZLOBRMBGEOND TEEDH DB ML LN
ROVATREME S H DV A7 03D 5B E“BIZDRVNRERICHELND U A7 B2V ERE”
ABRRSEDLFXF Y TVRETHDL, O 1LOFTHMAGEOLND ETORM (EBRE) 2V R
IRBITONTREY T TICHMATFONLAEELD DPRKEHMSFZSh I AREELD D
URA7 03 LR EHITHLRFMARES>TWD Y A7 PN WEREZ BRI EDF

YT NLVHETH D,

ML TiE

ERYE

B BB AT & ATSAAR % B O BB RERLE N T v b U 27 249 BEREICRIT TR
HMARNDTZO, AR 2FBEOF v 7 NVBEEEHWTT v b U A 7 EAFMEZ FAL L 72,
BRI, BARKIBRZIT>727 v Mgt LT, M EICET 2 v 7 VETITOK 4
WESLND NI LELNAR VDR HER 50%D U A7 08 H 5 BRIV & B EIC X O KN
BILD U AT PRIV (XI5 1,2,3,4 0 4 5%E2H ) "L BRIRSEZ, & L CHEN
DEIEIZEHTH2FXF ¥ 7 AETIE, REOKPNTITHLNDL 2 10 DR TIER D
RV 50%D U A7 o 2 BN & HIC X B TE/BLND U AT 23 e WP (X
13 0,15,3,5,10 ® 5 %) "Z@IRSE, Floar bue— L FER L L CREGHIERGEE
VT BB AT & R EE R S B o> 3 BE A B AR PEL T Y H IR R O FR B D b DT
BT L20MNE ) MERHNT, BFGAHEZERERECIIY A7 08EH (FROIETHME) 28
PR, “T<ICHEONDINAKN2THLILEOLN R WIEBREE X R TIEKRN 4FHBE LD
P (X1%0,3,5,7,10 D5 5:M) "#RNE 70, THEBROERG MM AIT L A= L
WRHLTHME LTKEZLEZDENIHDTHY, 2 00ERNEELT2 o0 3—% 5%
THHICERSEZ, 7y MO EFTEHREOEAN R L — L2728 I, RICHEMED
EWS L ITMMOBIERMOENE RIS ELINEEITo 72, £ L CHEAMEREIRE 21T
DRVEFEORETOT v bOTEI A, AL 3MOATEHREIZ W THIIE O F M4 I2 Ml
LT, REMIC, A 2 ENEKICRTICEAT I ZODOTA NIi=a— L2 BETS
P AAT WV, W EEMIMEZ R BIC, ERERZITo72, EHEERTEIVI==2—LEEL
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THER B O EEB 20 T2 DDAV E—A L A a7 = U BAWEETEA L, %
ER+HICHBEONTLEEZLND 30 0 HRITITEIMEL L7,

B B

BERARIZ T VB 7 O Wistar REEZ » F T, {KH 2009-320g Db D& H 7z, FEBRICH L 72
AR, M EICE T2y > 7 ABETIXOE, RMOBIEICE T2 Xy 7 AVET
(T 1008, REFAHERRETIEISIETHoTe, BREZPEHIETHET LI LT (HEEN
DG KT & 20:00-8:00 [A] AT, 8:00-20:00 HIVHAT L72) « KATHETH 2 T v b OIEE R IZ
TEEBRZITo 72, SEEIZMEOME 7y — 2 THE Lz, EBiRIE 22-26 E AR L1z, &
FETEEE (MR X by 27| ERAEIE) 252, FRERATE2 X5 L, KIFITEHER
THME L THWEZEZD@EERECTOBEKITHRL, TEFERZEL T HICKLERKELE
msEsrkolcLliz, BALAKEAHAE=F—L, LETONITERTE X 2 KDOMIZER
BTHBRARSZS 2, KEZ -EICHFECEL2L21C L, EFREVWOIRY HF T RKEE
SEETAEMETERT (NIH) @ 328rfEst) . B X O THRIAEKRFICE T 28 EBRIZE T 5 66
e - 72,
ITEIERER

B 1-1IATERBRIEEOME 27§, KROPIEF (60x45x35cm) & LUKk IZ & » THE

o, Al 2SS RAEE - IO ET. KxHilZ T v FABREZRIT T2 re Le, &
T ERICTHBR 7 7 v 2RE L, (TEHREOA T v FEEMATFIZIEZ 5 >0%E {7 —
RR— 7@« A LED & LN —%x2+ J X)L« A=D1 —} W, EAD L RX—%%#

J—RXKR=IR
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REFDICHZso THEBENPLHERMNEICE W TRITZRBIE D7D, TR OF
RTFEICHRT 2/ — AR =7 %E (HEROR) &/ —AR—7 &2fTb¥l, /) —AK—7
(TEEBEOANDICHRT 2R E ¥ — (OMRON) T L7z, AA LEDM & L AA—XEh
AL O W ICRE L7z, EoARURE M OBEIZIE, A7 L AR-O ) X)L A%

L. i CchHorkaebzxlc, JANVEIRIZFLorFa—T%@EL CEMIP. £ L THKE
WERS>TEBY, JAAVDPLOHAZKEBIOF A I VT ITEKRFORMAEZDRE I THIEL
oo A Y —H — [ XUHER ISR B L7, &% 4@ - B22 12 Digital 1/O card (PCI-7248; ADLINK
Technology) %/t L T# U —RI R — Y F )L a2 —&—(0S | Windows 2000, XP, 7 % f# J])

WCEX . BfED 7 v 2 F 4 (Visual studio 6.0 (& TER) Tl L 7=,

ITEIRE D IR
JgEzD1 : ) —XR—=7 L L AA—=FHFL
BB

FTEREOEABETHD ) — AR =27 L L A= LIZ 3OO RT v & A THlF L=,
EFTHDICL A= LICL VAR LND Z L 22EIEE (LA—DLERFFMbZRV) |
ZORE, LAA—ZF L ERE (2000Hz, #iE) NRERIND KO Lz, EREITEE O
R LT L5008 E L THWE, BRBT1IPHE L, ERICEMEZ G X, 2
DIBFTLA—=ZMLTHD ) ANICHEET LD ORME LTERIT 2, #i 258K E
[RUZZ ETAlMAEZITS &, 7y MIEBRITHEZIWMD 9 BIZ L A=W L @M o BEREEZF2H
L. BEXF12HB AR LVLA—HLEBIVET L2 o7,

B

B BRSO (A6 LED O EAT) NERINTEFO L AA—DHZ RIS 5 K95 3
L7c, T2 MITRRATERL AA—2 R_md&BNE R L, EAELLDO L AA—Z
LTHHMAGEONLIEGHETHSTH, 7y MIZNOLEZHEICERRT 20 THERILELRE
HoM—=TH DL N=DHEZMULKET DA H D5, £ T 200D /S— THRESM R
HELERWMIERL ETEREZITOEL DT FEHBEMAERTMTZEBHERD LA—
AHIRL L A= MMR OBz E T OS2 EATHREIITL 2080 LERD, K
WFFETIT LS — D@ PUHIBR & A O A M CoR$ 2 L2 Lz, 8 B M T LED @ 4T % R
TBBE L ELAEDLONE T VX AICHEIT S EL, ZLTUARN—ML EREFICHT S,
MEX 725G, 2F0 LED BRI L TWRWEDO L AN—%2# L THEEIC LED 1TV &+
TR TG 2 TERM ORI LR o 7o, EEEN 95%E i x 2 F THlMAMEY KL,
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BLEISHTERLE,

BB

BB CIERITHGIC ) — AR =2 24T H 22 FEIE L, ZREEIED X DT, 2
DDLU N—DOHHEOMENORITEZHGESELZET, 7y NOBBEIICHFEAAD XD
L, BREN 20H2ZLEZRTHNTHD, / —AXR—7 2 Rii%. EAW D50
WO REE 2R L UAA—NRIRAEIC Rl L 2mMbETL, 7y I/ —AKR—
JIZX 0 BRENICRITERB L, ) — AR =27 % 10 BRI L AN—2 I o A1
MITZF v AL, LEDZHEITLLA—Z2ERAICLIZ, R¥EOT vy ME1H, #LT
HL2HTHEHLE, BENR1IRITTRE 2 HKFLZK 12A 2R LT,

e 2 : BB EDO R I L OBE R OFFI

Fr oy 7VBEIEBNTT Yy bRV A7 EZEDXDICFHT 225 LT, #ETHW
LHMMEIER O EEZFHNTE L2 ENMRRMELE LD, FIZTHEMEICHAT LIy 71
AR TR AT O FEL 50%D U A7 BNd 5B L K 2MWMNBHELND U A7 MRk
W2 BRIEL20THENIT, THbTHKAWEE 27 (HDWIT 2 & 0) DEVZ 57l
TETVWHARLERDH DL, 2T, HZO1IBKTLEZ vy Moxt L, B EIZET 52X v
CTOVBREICHER T A8 (9 L) [IHMEORIREL . R OBEEICET L X v T VR
BCAE A3 28 (10 18) [ ZEERFF O Fr Rl 2, £ U CRERFHERBEEICEMN T 58 (5
VE) IZHE & oo B RRE & BRI O SR BIRRE O 7 & FIEE L 72, B & o 90 BIERE TIEoK
4l L 2zl S, 1H7D 50ul T, Kiixz 5 2 2T 700ms & Lz, 2L
—Z LT 3RBICHRIA G272 BIERHORJRETITION L 1502 R S H i,
ALEERFRIZLAA—Z ML THrE ) ANVIIZHETHETORME LTHRITEZ 1D EZ 0BH
MELTHELE, LA—MLLOHBMALG 2 ONDETOM, FHMMITERSNET 7,
WENILED S OBERFFZEIRL TH 1000l 5267, FEINLORBFEEETIH, 2
DODWM LI EN TR D ERM AT Y 2Tz, M L72#% 1% 8000Hz, 2000Hz, 500Hz
O3B AN, RMEGEE T OEEHEETIEYy a2 TOR—FT 22 L TEHE
LRI Lic, MGt LE ERBOMAEDEIIBEAERILICT V¥ AT T2 T,
FRREDOEY v a VER

FRIRETIZ 2B ORMEGELZELENZTNDO L AA—ICEI VIR 223, BSR4 L LA
—OMEMFRITE Yy v a VEIRKREICANE X2, ZHid, LA—ONE & WS o B4R
HEEELLTLEY &, RHNCHEIL TWD D0, BHIZ LN — DN #E~O 4 TEIFU AR
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DRELCTHWDLETROPHBTERNNALTHDL, T Ty va DI LD 40 ITE
B E L CMBIRIRICE » THEM KL L X—DNEBEZREZFRE SE, i< 100170 H
HERICENTH L AA—0RREZFMLZ (K 1-2B) ., FEHMO 40 KiT70oW, 1D
DA RATIFE LA =D RO A R L, RO 10T IEA LV A—DNRFE D2, £ L
TEOHD 16 RITIX 2RIT T ORAEIC KB 4RITIXZ LRITT ORAEICH I ONFL O A %
"R LTz,

Yy ariF—HICRERSEITo-, By a BT HIIFMEERICE L, 3 KL L%
T TCRDOEY Va rETo,
Fr B BE 77 D ¥ E

52722008 MEMED S B RBVEBMGER O D L N—&2 L 728 A0 65%2L L2/
ol yva i, UM Th Ll L 7. (x ZRBE T 100 [ B iR $ 61 5] 2L
ETHERROY Do END) o KVBRBVHMEERGLNLD L AA—ZMLZHIE D 10
Ty a R LT 65%% EEl-> 7l z FHlREN N H DL LTy 7 ABEICHWE,
FHHRECTHRBLTEILDOEEYy v a VONIZHBEIGEBIRTEX 2 LW ) 8EO LA
tyva rBIIHABRERANEDD ZLEARBL TR ozE 0y, BEORBNLZE L
mipole, LLAlMEZ#RYIRTLEVWEETEZET DR IR, FEAhlotyar
T8 LOREGETRVHMEGELREGEON D L AN—2BIRT DL O o7z, Rk EHEIC
ETLHETELE 20140y v a ORI AEE L,
BMBICEHTOIX Yy TNV RELHMOBEICETLIX Y TV RE

WTFNOF v 7LRREYS . Logan 5208 W TENRRE 2 25 (2% & L 7= (Logan, 1965) .
W EICET 2 X ¥ U TVBRE T K 4T 0D R 50% D U A7 BN b 5 RN & <t
TXWHELND U R B VBRREZERR S, XI1X1, 2, 3, 40454207, M
DIEIEIZRE T 25X ¥ o 7I/VFE T, 100ul DK EZHDHIZH T > CTOREREF A 0 B2 10 B
FEMFESR 50%D Y A7 R HBBRE>E“UT X BRHETIEHFELND Y A7 B0 iRk % 8
REE72, X1%£0,15,3,5 10 D5 KL EBRS T, EHEEREAZITOMII, T 7 v bR LY
DEIRBEGMEEZRTONHRDTD, FRRIRE L RO TETHE X ORI T 2 EIRE
ZRILIZ, HEXO&ERMFLb 12y va VUERBRL, B 12y aoNY 2708 6H
HIBRNEEZRAULEENRRKTCh o b DL EDThoTtbDOERA LI 10 By a D

V) a AR ER L L (M 1-2C)
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RAEICET ¥ v > T IVERE 47
10BLAIC L SN D O f B S s —bé ¢ 64
l R — R

LEDsRAT
Lis—pLa

YRIH TR yum & x X

. EIRA
1 EITDRER X=1234
RENODEIEICRE T B+ v > T VERE
10 # @i
10BRIC L A—H BN TIBE e E——
l ERE p
» & BEAL
LEDsRAT
L\—#L7A]
i | — & X
X =071%5,'3, 5,10
B
1ey>a> SRR T EERIRST
D& (R
1 41 140
FHITE
c BRENBRAERDDE Y3V %R
- [1[2]3]4]5]6]|7]89)0jan12]13]14] 1|2 [3[4[5]6]- -
= SBREH — R W
leBIHT—4 F— s \ IS
DEAF A

RH12EyavhoBERENFRERD ThHhoI2Eyav%E
RN 10t w3y DI EREZMHICH T DMEET S

1-2. 151708 (A). 1Y 3>0iE (B)
BLUBHRRICHIT BT —2DEERE (O
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R A ERREE

B BOEATER O RTEH R A B O BB REFL B S ¥ v 7 VRREIC K T 5 U R 7 @AF I
EMEFLEZELTH, TAPRICHMESLELERHOFNZDObDICEET LI LD TH -
AR, VA7 0H 572 LLHARRS BERRESRICEET L2050 ThHo g dbE R
bhd, TZITYV A7 DEF (RROFETHNE) BRVEELSFEREEZHNT, b
DIRFEZAT o 7o, HIFAHEERFGREIL WM E XD R 0R T CITH b D B & <@l &
TZ2 VAR SN 5 BRI 2 BN S & 588 T, EICRBEMMEER 5] 265 L3 505 Th <
MW & 4T & 7= (Cardinal et al., 2001; Kalenscher and Pennartz, 2008) . A #f 7E ¢ i% Evenden and
Ryan (1996) 5 O W2 BRI 225 12 Lc, K 2T ABEER 0 B ThH 2 b 5 @Rk
EORATENBIERFH X THEZ LN @Rz BIRSE, X130,3,5,7,10 D 5 FfF2 i~
oo ZOMDEMEIETF Y o TALHBELFEL TH D,
FiR

BFXY TNVEED D VTR AHERREEICB T 21787 — 2 2 G LK 2RI
WRICHEBLERDTODTA P =a—VEBEFRZE L, FRHz2T o0, KOz +521
g S 272H 3 HIEAK S EIEEE 2 ARICERESE 2, FIRNTEBOIC, Fy haA V7T
NTG v (m AT A R ARRERIE, 77 A F—) ICK DR ARRECHEFSE%, MY e
v (0.2 mg/kg, fiife 7 b e B SR X N, BOREE) | RS ¥ I (60 mg/kg., 7
27— )ViEMR 500mg, H— k7o Ty —~v) [ HEHEX TP (4.8mglkg; BT 7 X —
2 BIESE, NA V) ZERERES LERRBBERTICEWZ, e 708 s OEERE O
HE, FROEFNDREERFTDICENZ L 2R L. 7y P2 MEMBEELEE (SN-6, 7
UL ) ICEELRE, WICEHEER 24 YV b L Fe T Lo CiH#m LK, N
REAZEMWCHEBOREZ UM LEEZHHE SEZ, DWW TT L7 EBEZREL, B
U THBMEEE &R 5 BEOHEFICEE ImmBEORER T/ A FI1=a—L
Z i N9 % FEAE IE The rat brain (Paxions, 2007) & £ & (2 [l il © A8 iR #& B (AP: + 4.2 mm , ML:
£2.2mm,DV:-4.0mm) & WMo SRERIE (AP: + 3.0 mm, ML: = 4.4 mm, DV: -4.6 mm) &
LIRS HMEHA R =a— Lo n  HAEEO FOEEXY Imm B LIS #E T 5 X
IRELT, HEFICREZRITL®Z, 42D A Fh=2—LEKNIZHE LZ 1 mm/min O#
ETHRIAL, HA FU==2—1ICiE 236G (EE 0.6mm) OAT L AEHE (7T LE) &
MELTHERLEZE D ZHWE (K 1-3A - C, FRGEICHOWTIIME 5-4 22 H8) . B
JEEE CHIA LT A R =2 — LA ==K K (Super-Bond C&B., ¥ A F 1 H Lk
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Xath) ZHVCTHEFCEHELLZ, A4 R =a—1ili3¥I—=a—1 (30G, H&E
0.3mm) ZiAL., WEHOFEEV ZWE, EHICHA RN Ih==2—VOR#EZHNLELTA
IV a—F%x vy 7 Fa—T(FELISMIAT)ZMLLELDEHE . 3ARADFR T (1.4 x3.0)
EX XY v 7 EMIZIALIIICHBFICALAL, REBIZT Uy rEA N (V=2 — 12
7Yy L100g: V= — L X7V 100g, Y—v—) THEELME L (K 1-3) . fiF#
1EMOEEBEZRT B, FERNBEBLIOE X v 7 VBEED D O 1T B R R
PGREIC T AT o 7o, Al TIZ, 8y a0 30 501N R 7 2170 3EAE
ANZAT Ty & —#EOFEEICIEL S T,

AITFLAFI—T
EABAZ1—L (30G)

“ RRGBALEFB
A=—hH=Za2—L (30G) RI)1—Fvv S
_ Fa—7
C / G
Q D y R
BRUT2IVEAV R

B 1-3. REFARAAC FAZ 21— LEBEFhOBE

A BEERBROBE, FADBIEIAS FAZ 21— LS EI—AZa—LEREIABHAZ 21— LZEAT 3.
BIFRABALAF vy 7o ATV a—F vy TFa—TDON\Y FERDEAVTIER, CIHERLEAC FAZ1—
LEE, SREREENBEREFIAEL WSS, AM FAZ1—LZBEEIERICHEET 5T ENH#LL.
Z I TABRERICEBAD TED K DREFH LIRBZFR LT, A0 FAZ1—-LIKBENENFTI—HZa—L
DEATNTL S, DIZBEFMHERDS v DHRF.
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KA

PRIRIE B 2 I 9 2 72 o . REBR TIZEATHSE (Ghods-Sharifi et al., 2009; Takahashi et al.,
2009) (2 fik v Muscimol (GABAA A A {EH)3) & Baclofen (GABAg % & (K {EE) ) (SIGMA)
DIRA WK % v 7=, Muscimol & Baclofen 13 % 71 & A B & 3 K (R BLFK) 128 5> L 200 ng/pl
L7 bT, AEREALEL, Lo THERMAREILX 100 ng/ul TH D, Z OWREIXEITHR
(Ghods-Sharifi et al., 2009; Horst and Laubach 2009; Takahashi et al., 2009) & F{i F8 (& &
DELML) 25BICHRE L, SRERCTEIEESEKOARZEAN L, EAREITES K
100 nl & U7z, ARWFZECTIEBEET 2 BCERE & AT E T O EZLZR 2 ZENHAMT
bn, TZT, EANEVOFEIBICIEMT 2020 <72, Bl O EITHE L D&
Z Mo, 7272 LA & 100 nl @ Muscimol @ BB N T D IR % 7 ~ 7= Edeline & O # &2
£ % & (Edelineetal, 2002) |\ ZHEHMOERZ D A—=FT 2123 +0RETHDLLELD
o, IHLICARERFIETOERMOILHMFEH AR L5720, T RERORLD 2ODBHFE, F
F=2 ER I IVADA TN =T N ENEAEANLFCFEZ AW CRBBCERTE & AT
REE o FIZEALE (K 1-4) , U IS CIMHEMA AR T L, EH 6 6 O
BPOWTHHELZ 15 mmiETHEMLTRY, R BEEKEZ I N—F 25 0C 447 72 i T
bole, SHICEERI LI, 2 HEB~OEACBWTHEREHEO A —"—F v 7 TR LN

ol
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X 1-4. FHERHEREEEEERER
R DIBEREZRANDIHDFEDRES 2 DDER. FAZVERVEZIVAAATIV—2ZTNTNEELE
ALBLFEZRVTBRERSERRIREFICEA LT, 30 RICHZRH. EYAICTRBEEZRE LT,

HE CRUBRZIVAAATIV— (N=4). FAZ>Y (N=2)
< EAE 1100 nl SFEARE 50 nl/min
EAR 1 DREERE
30 P& TRARKEY T CHIERERNREIC Rz H
75 F—=LAITT 300 um OFETFE/ER

&R

= BE mm
RYZ mmRms 1.46+0.19 1.48+0.23
7‘7(’,\{:4’)”‘ eREN® 146+036  1.67+0.23

FA=> mFEREF 1.39+0.18 1.48 +0.14
(N=2) sk 1.50 £0.09 1.74 £0.27

10 mm

o = N W » 0 O N 00 ©

RIAZIR A TI—

TSZ mm

o = N W »h OO0 O N © ©

Fr=Y FH—y
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A EAFIE
WAEANCITEARAI=2—1 (30G, 06 mm) . RV =FLoFa2—7_ 10ul NI /Lk
veArsuy )oY HBEARCTERAVE, BARAV =2 —LEVA RO =a— LI
ALZZBREmBB A I —h=a—1E0b 1l mmtd @S Ty, BRNERO T LI
DI TC0 b, EAHAI=a—L 0l ~"INV b~ 7B ) U PEFAR)F L
YFa—T7 TRE, PICEREBANT T v RE L, BARA =2 — VRN L EER
gl L7, EANEANTAITERBRO 30 5ATICiT o 7o, EAEAICE LT, 7 v MIMREE T ER
FOBDOLETE LI A R 7 LRanbliffi-o7 (K 1-5) , AT FERT 21T -7,
FT. BEMBICESE LYy Yy TOHFEEN L, A R ma—LbnbHI—H=oa—LbEEE
EARA=a—VvEFHALL, BAZABBEARN T ZHWTIT - 72, HEAEE T 50 nl/min
ELTElDIEAERETTLH2ETIC202E Lic, RUTOFEBHREHRETHS., EANREEZE
TIBT 20/ O7DIC 10, TOoEEOREBIZLE, BARITEARAI=a2— V&2
ERODVICHFI—I=a—LEHAL, F¥Y v T7OELHOT, EADOHTRICITEEN I =
2a—LEBMPOHD I LEHEBL, BEORRNI L AR L, WPEER~OIREAZ K
ADHOITT-103FEHE L, 7y bae—#HOEEIEL ST 5720, REERZAT O B
DEEyTa BV ThEEEAN GEREALSNESFECIEXREZITI) 21727,

X 1-5. ZFFEARDERF

RETCEIAZTOfc, BRICKBEIBEDNSFABAZ1—LEFRD/I\AF—ZEEL TS,
AANBAZ 21— LVIZERAEFHEZRMBLTEY, RUIFLYFa—TZNLTNIIV L)V
ICERENTWS, FARRY THIEICKBEEAICE S,
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T ER

T ER TIIBEERE S 5 WITATHIRE T O TN ) 2 7 @A EICEH 2 28, >
FV VAP LBERIEZEBSEGOLEMNMETH D, £ 2 THEIFIC X > TEREKENHE 2
THH-OTH R DN AFICEDERVERMTE D & 5, KL R D EHE ORREKD 50%
MEERD X9 BRFMETEREITOLEN D -T2, TDY X7 H 5B WK D
TR 2R AT E N A & 722 D Stk (BB EMA) X, FRNCHE L ThEWies X IZB T %8
WERLEKIZa AT 4 v 77 F A FBEE (f(x)=a+b/(1+exp(-x-c)/d), a. b, ¢, dITHH X7
A — X% —) % Least-squares method T7 4 v 7 v 7 SHHH L7z (EXCEL ® Y v N —fiE %
) o FF vy 7 VREBS LORRAFEIGEE CO RRICEBMEMALHE L L, 8
BEMAS LIFZNICHRBIEVEFEE AW THEBERICIIT H2ITEIRERZ 1T - 72,
%7y MCIEZENZENEET 4 DOEHEIER (B EEFTEH -~ Muscimol/Baclofen 7 A
5 BB R~ o R PR K E N ATEE AR & 2F ~ @ Muscimol/Baclofen V£ A Al SEHR & T~ O
EHREARIEAN) 2707, KEERIIBHEORBRROEEL T D65y v a s FAEA
EAToTEED LIy vay, HFOPRNEDODNTZLEZOLNDIEFHDO 1Yy v a v OH
Bl Ty varzlty heLTHolk, HEERIE, AELRD5y v ailild
LDBEREPLELTND L ZMBE LI LETIT o7, VA D HD5BEROBEBIRKRE S5 v
YarviZoWTHEBL, TOBREREOMKMFELHZ RO D L, BRMEICHTLIXF v 7L
AR T 11.1%, M OBRIEICBI T 5 ¥ v v 7 VR T 10.1%, PR R B IGGE B T 10.4%72 o
Too HEBERIIRE TS 2 U EMBRAE 22T TiTo 72, 2N ZERONEFIZMEAKRK TF
YHEwA XL,
KBS A AT

ETORBERNPKET LIEEEEITA RI=a2a—VBLPEART =2 — L OERHEOAE
MR T DO, HMBEFICRB W THREE UM fH Lz, BELZKTZE DR 30%A 7 1
— A+ RICRBSEE ETHBESE, 278 b—2% AW CEIRET T 50um O] I
L7, BUIRIZETFora— LA TA R 7RIS, tH st Fi=
P Lic, MAMRT =2 — L OSEIALE T BMEE T CHFR L. The rat brain (Paxions, 2007)
EBEIZEOBEBITH D NEE LT,

— & fRAT

HeFHAEATIZ 1% SPSS & Microsoft EXCEL & 7z, & F v v 7 LR 4 K OV IR 1 [ 4R
AU TIIEAREIC 4 SOATENVEIE (B OSSR, EXR, O8I A8 2/E L7,
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FEARIC . AHEEIRGITICR T 2 BIRE (Fx 7B TIRY X7 083H 2B T 5
BPCE, B AHERBRETIIAWG O NBIEN H D5 BIRNICHT 2@NE) | A3
RATICB T DGR (/=X R =27 LThbH L AA—%2M4+ £ TORM) | fil@R T
WCBITDIEER, By va ryrBRICBTOIRIGI A TH D, IHTO @ H KO H 4K 50 ¥

BREOFHICEAMBEDO L IICEITO 128y va bR RERDVEZRINLIZ 10 Y v =
YERAW, FRZ0MO 3 o0THEELZO 10ty arob0E AN THEE Lz, £
DIBREFNIE 2+ O FHEBRIREDOEE Z iz, Fr o AL (50%) (Zx LA EICER
D> TV 5D E 9 ik, One-sample t-test (A E K% p=0.05) ZHWTHREEZIT-> T,

FHERCTIIEEE Yy v ay (5 vy varofy) | HAAFEAEya Ly, BHOE Y
TarDIFMOMTRIRED L Z1T 572, £ One-way ANOVA (FH E /K p=0.05) %
AV, post hoc IZ paired t-test (FE/AK#E p=0.05 A7z —=Hf1E) ZH\THLMIEME
e U 7=, Muscimol/Baclofen E A S & Az PR A B K V8 A SR A ) D HE 0T 1308 IR o0 &8 k=R
(EKAFEAET Yy a VBT DBIRR Y v g 2B 52®IREK) (2% LT paired
t-test (AEK#E p=0.05) @M L7z, BLEEKNEEZ B D720, 2 FEDHIDRWEEKD
T—ZIZHLTEZOMFTN6ERAL TS GEMIT®RE)

Muscimol/Baclofen V£ A & & /& B A K VE A SR C o SUS KR, IEZ SR, R I 25t
BT, RO EER & SOt 2 A2 2 W\ T paired t-test (/K% p =0.05) ZHW=2, E
BRIZOWTIEHIERSMA LT WMol /%7 A MU w27 @ Wilcoxon signed ranks
test (/K% p=0.05) A7,

WHER CTEATEADOKRICEARA I =2 —VICHEE Y BHEREINTEZEBE. B X O
TEAMI =2 — VORGP ENEBIINCO - T2H6. TOT7 — X EMIrbRaA L, £
D RBMORIEICE T 2F v 7 VBRBEICIE 10 EAWE OO, & EERHE ~D
Muscimol/Baclofen ¥ A TiZ N =9, &R EHIE8~D A B AKEA TIE N =6, AifZH IR & 5~
® Muscimol/Baclofen £ A TIE N =7, ATSHIREH ~OEHBHAKEATIEIN=6 L72>TW

o LB NDOBRAILET — 2280 THRELELETHLZOMRIIELEDL o1,
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ol R

2ODFx ITNVEBEIZEBTST v FDOITH

X 1-6A-BlXZNZNHMEBICE T2y 7B (N =9) . o EBEICET 25X
XY UTOAHE (N=10) CBWTT7 vy hR U R BHLBINEEZBAZEHEGEEZRLTWVD,
WTFNOBRETEH LN A7 PH B NKAZBESLERNRWLEEG, WM EICEAT ¥ ¥
YTNVBRBETIEX =4, MMOELEICHETLF Y T ABRETIEX=0D5E. Ty MTU A
TN VEREZFEYICERL WD, FEHICHIMOEBEICE T Xy 7 AREICEWT
X=10 D%E 1T Y 27 N WERKZZRSEWRIZRVWA, ZOHAICENTH Ty MIED)
RBBRZRLTWD, MATY ZAZPRRWVERRIEORME (X OE) 2K TRRENRE(L
TW5ZeEmb, Zy MRV A RH LT E VBRI OP S 2 L L CTRRETT
STWHEMINTELIEAS D,

WMEICEAT AF v 7ILEREE WM OOBIEICRE T BF v T ILERE
100 - 1)

() WO T RN TN
3

() HEHOAZ FIF AR NS N

0 T T T 1 0 T T 1
0 1 2 3 4 0 5 10
27 B EWEREORME CEED) 1) 27 R UEIRE OZMERsfE (7))

B1-6. ¥ T7IVERBICHITEZ Y bD R ZEFH

HRHEICR T 5+ v > TIVERE (AL N=9) CHMDELEICRET 5+ v 7)UERE (B, N=10) [cH1F53:
RE, ML) ATDDHBRMOBIREZTT, JATHHHFRE & GUERBROIBAFHENFE T 25
(A TlEx=2, BTldx=5), MRBEHS v bMEU AV DB 2 BREZFA CRENMEAZR L, Bl T
A PR AV TERNFHERZEE LIRER. A TlE x=24, B TIEx=23 THofc. TF7—/\—I3 SEM.
#RY o
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WIZY A7 3% 2RI L VBRI O FBHEAFMTHL5E. T2bbHm&EICET
HFX Y TONVRETIE X =2, MMOBIEICETLIX Y T LRBETIEIX=5056, 7k
T EL O ORI LR EZRTONE I DR, 2oLttty va 2K THD
L ELLDOBERPEZEALTOLRRL LTHONIWMMED D WVITEBERFHITFELVODO T,
Ty bR EDLLNOBRRBAT G LG ZFF 2R WG EEIRIL 50%I225EExbRD,
% Z T One-sample t-test # W T M EZ R 20 EBE S L5 BIE 50%I1CxF LEED
Y FOBRPABICRR STV L0 a2l~ T, TOMERMEICEHTLF ¥ 7 VBRET
(X9 PEH 6PN Y X7 @ AfEZ R L, 3 IRITEUMEEZ RIS ol Z N ynode, 24
MELTIE VAT H BRI K T 2BIRNRITF ¥ o ALV XY FEIZE -2 (60.5
+3.1%, tg=7.67,p<0.05) . —HHMOELIZEHTLF ¥y 7 VBETIZL0EETHRY A
7@ ERL, FHELTH Y A7 H2BIRKICH T 2EBREFTF ¥y ALV LD A
Bl ol (84.1+2.1%, tgy=16.14, p<0.05) ., SEATHFZERICE D, VAT N DR L
BROWEREOMMHFENFMTHLIHE. —RICHWITEMECKIT S Y 227128 L TIEEN
NERWZ > TE G ZRTHE - RBEZ R THE - BLOZRER2VWEERH 0 @
DBEEZR T DY) A7IZx LTI —RICEBGEZ R T Z LA MEINLTEY (Kacelnik and
Bateson, 1996; Weber et al., 2004) | AHfEDOITET =X F ZOHEIZ—HL T DH, L-T
AWFZETHWIATE ERFIEITM OIS LR R FEREITIT R TRV EZZ DN,
— R FERFMETTOT y bV X7 2fE) BERIREZFIMHL TWVWD EEZXLND,

VN THF v o 7 VBREICR T 2 BB FAM A GRIRED 50% & 72D &F) 2l ~7, K
1-6A - B IZENTLEBUHRIEWNORBRRKIIEDRAT v v 7 v 7 T4 FEK
(f(x)=a+b/(1+exp(-x-c)/d), a. b, ¢, dXHHM/XT A —% —) % Least-squares method T~
yT U ERELOTHDL (WFRB rP>099) o Zh DO S EBAS A E R
ML A, B EICETLIF v 7 ABETIE X=24, MOBIEICET ¥ v 70
METIEIX=23 ThHoT, BIRNER Y 27 03 H 5 BRILRVIEBREOEH HNITKE LR
To R CHBMERZAIT O & HAVEBTE AT EIRE L OB EIC X o> TZ 0 BIRE N1
LEELTHZOREBLZAYICHMLTLE D TSN H D, £ 2 TUROEAER T,
NI E L 2B LM T 5L 0. AL R L@ OBREKD 50% T2 72 5 5
FHWE, DFED ) MM EICET LIy U ABRETEERNEMAICKRBIVEZTH D
X=2 2R B ORIEICE T 5 F v o 7V TR o Ko ZBLEE i sz H
Wiz,
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R R VA R 22— L BIVCBEAR =2 —VERDOKER

TET — & ZBG LKA ZMEICIE, RICKBRER CRAZRAEATLIZOOHA R H
—a—VHBEPHNEMLZKLI7TEHA R a—VLEFEARAD =2 —LOBOMREH(A)
EEMEEDEAR T = a—VEmOAE (B) 7L TWD, RI-TAIZBWT, I=a2—1
HEONKNEH SN HTA FI=a—1L (HF0.6mm) | TOEFOMNEONEARI =2 —
L (AR 0.3mm) (2 H 7z D, AWFIE TR B E AT F K OVATEE IR #5 B o # I S W T
BILZedro e, AR =2 — L odebiiid, B B8 A <131 00 8 B0 A0 i g . A sE R 55
B CUEIAMAE (B LIEAMAI E SNd 2 b2 W0n) ICEP LTV, MMOELEIZRET 5 F
YTV W LT, AEROERERMEZEIIC LIZEARD =2 — Lol
PR FEIBSMCALE L T e ZoEE O S EERTEICE T 2 7 — Z 13T 0 & Rk L
7=,

1-7TA OMFEEATROND X1, I =a— LIRS E DM OB TR SNk
Mole, o> TEADEFANZ L DMBLEIZAE L ol HHNVFIEFEALEELL 0o
B ZoND, FLHA NI =2 —VITHEEBFOKREHO WA EEL TWER, ks
BoE#HEEREIBEIN Lo, IFEROHFINMTIZ, X CDRISHHOE T AL
Tty va VBIZIENATO L VIZEE L, B2 BRYBITHBREOIN#MEZIT - T
WMol ZERERFRTHDEEBRALIND, W=a— LVREEBEICH D M#EKEE A HITHRE
BATICRKREREEBLEEZD26OTE Lo, ®H5WVIXINZEOREMEFICREINLLD
259, WTRICE XFIBUE TEATHREDO T +—~  XITHT 2 Filf B RO ZEIT
Rohixhoil,
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A EIEELRE=1:5 ERERED

4:‘;‘ Vo LTA: DLO
+46
~— —
Lo
et VO A AA AID
?A "'A: AV +4.2
~ -
AID
A AV
® VO Lo
< = +38
A HEREE 7r o SREAEICBET B2+ v V) VERE
O : BrEm - SR OEREICRI Y BF v > T IVEREE
X FRmEEN F BB EEHRERE

1-7. A4 PAZ 21— LEXTFARSZ 12— LRIRAIBDORESS

HA RAZa—LEFARAZ 12— UHENBEIRITHEATN TV ORI 5. REBRTERETO
Zv b ORZEREH UEYR ZER Lc, ARRRAIT. BURREZ Y RAIVEREETNTWS, BIZFARD
Za1—LDOf&iE{[IE% The atlas of the rat brain (Paxinos and Watson , 2007) Ic 70w b LTe&DTH %,
KA DREESDERRIELLTDEY . AID: dorsal agranular insular cortex, AIV: ventral agranular insular cort

ex, DI: dysgranular insular cortex, DLO: dorsolateral orbitofrontal cortex, Gl: granular insular cortex, LO: late
ral orbitofrontal cortex, VO: ventral orbitofrontal cortex
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BRERMEAMEARBFORBEOBEREN R 7B FHICEXIEE

AP =a— VEEFHEFIRZETITHRBEICBT 27 5 —< 2 AT~ v
FCEE LRI, WICHEBEERICH T TREEARIELZIToERICT Y 7 VRE L
MT2EoIC L, ZZTOBRBRBEORMERE., THRDOL U X7 BV @EIRIRO SR IT. A/l
WOTEHRBRECTEN LA FBRASEMAICESHNTHRELL, ZTLTEEy v a Vil CLE
LEEBERELZRLELGAICEAERLITo2 (5 By v a LTI 2 BIE DR EER A
(THMEICE T 2% v 7 VBET 11.1%, S OBIEICE T 5 F v > 7 VBE T 10.1%72
>7) .

1-8 1%, & R A0 & Al BE AR % BF ~ @ Muscimol/Baclofen 3 X OVEHE B K EA L, £ F
Y UOTNAVBRBEICBITL7y FOY R BBUHEICEZEREEZRL TS, BAEADOEE %
PRl D2 H oo Tk, VAR BINBITH T H@RELEREE Yy g (5 By s
YD) L HAEAEYyar, BHOE YV a3 D 35MDM % One-way ANOVA 1B &
O post hoc paired t-test (R 7z —=fEHYV) ZHWVWCTLE L, BEERIH & Ai6EIR
I ASOAHAEKEATNVTHOBREICBNTH Y 27 BGHICEBEZH X2 o1

(One-way ANOVA DR EMFR ; N EICBEAT Xy 7 VRE . BEERIE. p=0.69; Af
GHER 7R, p = 0.66 ; MM OEMEICH T 52X v o 7 ARBE - BERERTE. p = 0.66 ; AiHHRE
r. p=0.86) ., —J5 Muscimol/Baclofen £ A (X U A 7 BAFIEICEEE 5 27208, T OHEBO
FFIAPEITE AL K » TR REIC X 2 E WL H - 72, Muscimol/Baclofen 7= AIZ & %
B RCE AT OBREILE XY X 7 @AM 2 > S 2, ISR S B OB EF XY X
7R AFPE & B & 7= (One-way ANOVA ORI ERE R ; all p<0.05, ¥R v g v & 3KAIE
ANt > a ] To post hoc paired t-test D% E #& & ; all p <0.05)

1-8C Tid, FEAEAIC LY U 27 2 dH 2 BRI T 2 BIRNEKN EiE EEL L2

(BHEABZEOE Yy v a itk 2BRE-FEELy g iTBF2BREK) %
Muscimol/Baclofen i A S & A B S K E A SR TR IC i L TV D, 2 /M To
paired t-test DFE R . W T OF ¥ 7 AVBEICBWTbHAREN AL (& HIZp<0.05),
bbb, BEERMEATHIREE OKEREFIX, F—EECENTH U X7 @EFMEICHK
TORELHEA T, X2 NITRECHEKFNTH 2, #, M ERICET Xy 7
NRETIZ Y 27 @EME R TEAE LRI R VEERO 2FEEN N, BAOREBIZND

O TEWITIR N 22T,
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(%) (%)
0 0
%ﬁ ﬁﬁﬂ ﬁﬁ ﬁﬁJE ﬁﬁ ﬁﬁu £#8H ﬁﬁJEI
x pid pia p=3 pia Pz 3 P Pz 3
A A A A A A A A
B AT B E BREAT BT
C 80 -

*

ﬁﬂz

40 A

-40

BRI E O HShH T N
(post[%] - pre[%])
o
c%{. ;I*

-80 - £ X £ O £ £ X
2 A B A 2 Al £ #Hl
b= b= = x E =3 E
AA A A A A A

ERHERE AREEEF EREE ‘EJ‘GE.EEE.E;?.T*
EHBICPIT BF v TIVIRE  WMOEECRIT S ¢ > 7 IVERE

(1 1-8. BREREREFEREEFORNEH LU RV BIFEICEZ H8E
HMEICRIT 2F v > JILERE (A) - REMOEEICRST 5+ + > JILERE (B) LWIFNICHWTH, BE
BRIBBOAEE L) A7 EFEE RO ETE. W LU THBEREFORNEME(bIE ) X7 #EF BT /.,
REICIE ANOVA & post-hoc I t REZRAWERKEIF R 7 10— ZMIEZL p<0016 & L, ClEY
A BIFEOEEAZEES Z Y. E—EEROREH RS EBRIRACIARO T — 2 IFERTHEIEN TS,
RENE paired t BEEX B, BHD* IZFBEEE. T7—/\—|F SEM,,
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WIZHEF O BIZL D) A7 RGEOEE Ny v a VANTEDOLIIZHERBEL TV D)
D720, 100 [ HHEREZ 25 AT o 4 Ty 72X Y)Y . Muscimol/Baclofen ¥ X
OCAEBEBEKEAFZMEMTY 27 PN b 2RI T 2 8IRE %2 ik L7z (X 1-9) , Repeated
measures two-way ANOVA (Muscimol/Baclofen = ASff « AFAE KEASLMExT 1 v 7)
T, &7 ny 7 TAEEIRE SN2 o7 (allp>0.1) FEEAIEASKMLELE T v
DHABBIZBVWTHAEEEAIRB SR o7z (HLEAMEICET X v 7 V#EICE
WCIE, AR CIXEAEASGMH E 7oy 7 OMAERBEGEO pfEiL 006 TH-72) . U A
JBFMEICH T HRAOE BTy a VN TEB LA LT EEXZOND,

IR T B v > T ILaRE RENDRIEI BT B v > 7 VR
100 5 T ® Muscimol+Baclofen 100 o ® Muscimol+Baclofen
BRSATE O EHAHEK i LI O EEEEK
y 50 4 50 %\V’N
A
7
b\
%)
2
%% 0 T T T T 0 T T T T
5
e 100 ® Muscimol+Baclofen 100 I
%‘j_' BGEIRE o EEAKK BGEER S <.> ig;mﬁzl};mc\ofen
)
g
iR
$
E/‘; 50 - 50
0 T T T T 0 T T T T
1-25 26-50 51-75 76-100 1-25 26-50 51-75 76-100
(&17) &1
1-9. FEFHHROL v avAZEHIEIRSNGH o TS5—/3— : SEM.
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YR BEMEUN~DRBFOEE : TOMOITHHEBFIIAT IR

AR A B L AR - BRAR <RI - GRPE - R - R - E@RE L Vo R (EAT)
BHEICEb > T EBE 2 5N TWD (Fuster, 2008) , & Z TR AEATES & il 98 IR 7 B 0 b
REIEN Y A7 B EUNMCEEEZGZ TR EI DD TEH, £XF v o 7IVFEIC
B HERKLS O 3 ODOTEIRIRICH T 2282 M7, FEHYHICH 725 40 34T O 5
BRICEWT, ZOEZERIZITHEx OB MBES XS, 728 BBBRAITICE T 25 K8
B (/) — AR =27 LT b L A—%2 4 £ TORRM) ICIZEICEDEESCHB S, 2L T
Ty varyr BB LIIEI ARICFTERT AR KM END LEEZOND, T D%
Muscimol/Baclofen 3 L OVAH A KEALZMEM T L2 02 £ 1ITRT,
EERIZHONT

BREIGRAT T T RE LA ELZ OO, REMO L A= M4 2 L BIKIEAHRET
bolz (ALHMIZELNRY) o FLMEILLEBICHEORCSFFEORITZE Y KT B ER
THORELTWARP-T2D, Ty MIEBRZEH L TELL2D L AN—DH 2 M LT R

W EICET A Xy T IVERE

15 B8 Wil B i 98 AR 7 B
AP REAK Mus+Bac A PR M K Mus+Bac
EZE =R (%) 100 + 0 99.8 + 0.1 ns 100+ 0 99 .9+ 0.1 ns
FOG KR (ms) 1260 + 274 1560 + 125 ns 1116 + 156 1174 + 91 ns
Rt 2 2 %% 0.56 £+ 0.18 1.56+ 0.50 ns 0.44+0.18 1.00+0.29 ns

HEH O EIEIZBE T 5 v T VRE

fey BB HiT B AiT 96 AR 75 27
A /K Mus+Bac AR K Mus+Bac
EZE (%) 100+ 0 100+ 0 ns 100+ 0 100 £ 0 ns
REH ] (ms) 1027 £+ 63 1356 £ 190 ns 1019 + 48 1001 + 86 ns
Bt X A %K 0.33+0.21 1.42+0.48 ns 1.17 +0.48 0.67 +0.33 ns

fli: ¥ + SEM, Mus+Bac: muscimol + baclofen, ns: A& #%=7 L

K1 EER - OSKH - O 2B T 2R FOLBIIR S NRN T,
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BRECPEIC AT T D Z EMARETH o7, LR o THBINITE < otz Hx ridm
BRROEEICL > TEERIRELSBPATLIARMENH o7z, T 7005 IE 2% 5 358 0 b e &
FEIZRWEZEE RS> TWEEE XD, ICb0b o3 5 LERTE & Al ga iR & 5 o B re fH F
FEZERIIEELEZ T, FEFICEHVIEERLZHER L Tz (Wilcoxon signed rank test o
ERER M EICET A2y 7 VIR BREFE, z2=-1.41, p=0.16 ; AIEHIREE . z=
-1.0, p=0.32; WM OBIEIZE T 2 F v 7 VR BAERATE, 2=0, p=0.10 ; ATEHERE
¥, z=0, p=0.10) ,
RIS I 2\ T

AT SR AR 75 B O 35 A 1 TRGEEN IR SALE L C W A 72 A L2 Muscimol/Baclofen 7238 47
A P =a2— VOB > TR L, JOSKMICEEZ G 2 2 itEbdbol, Ll
W O R IZ 3\ T Muscimol/Baclofen 38 X OVE LA B K IE A S CTHEREIZR S
U720y o 7= (paired t-test O EFE R ; M EICBAT 22X v v 7 VIR : B ERIE, p=0.07;
ATSAR B EF . p = 0.59 ; MM OBIEIZE T 2 ¥ v > T ViRE « BEERATE, p = 0.15 ; ATEHIR
=B, p=0.75) ,
R I AFIZ>WT

)= AR=T 2 LTEBERNPL L= M S 2 h o 72 fUS I 2T EE XM H W oR T
ko TAHELES, L2rLSI ARy yare2fkzEBLChH 1, 2REEIRET, 26
OHLIANTEANCLDEEITIA LN - 7= (paired t-test O BERE R ; A EICET2X v
TOVERE - B RCERTE. p=0.07; ATEHIREE . p = 0.14 5 MM OBEIEIZE T D K v TR
E o BRERTE. p=0.22; ATEEIRE . p =0.20) .

MHRER: ARAHBRRAEBCRTIBREMTLMEREFORANBERETOXE

VT BB I S0 AT A AR B oD S P B B PHL T AN R R B AR R 0 R I o b DI R
BILREMESL., V2270627 LICHEBRRS BERESKICEET LML RIET 572
O, B HDERRE 2 O CTRERO B FZR 21T o 72, X 1-10A 13 58 Wy 5] 2 RS 12
T AHBEDOITET — % ThDH (N=5) , HEHERTIEIX Yy 7 ABEOREEFEKIZT 4 v T
Y7 U PR A D TE AR I EBA MR 2R (X =5-7) . ZOERMEITI UV THEA
EAN OB~ D 5B 2 i~ 7 (X 1-10B) . & B E AT & AT EE R & B ~ > Muscimol/Baclofen
BLXOAHAEAKEAZ, WTH L IBIRBICEEL 5 X 2> 7= (One-way ANOVA D &
f& 9L ; Muscimol/Baclofen ¥E A : &R BRI, p=0.56; ATEARE %, p=0.81; EFHAE KT
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1-10. VRV ZHEOEVWERBRAEICBEVWTIEREHLIIEEE RIETEL o

RENAEEIRREICSII 51787 —42 (A) SEKEBRBROBR B), BRM Q78 LHEBEHGEN
EIRR S S (4 78) FEANBIEZ4E D8R (x=0,15,3,510) ZF#REE e, ALY TEAR
RO S TENFMRzFTH L. FEXBETofc. BREMGE JUMBEREFORERIEVTN
OERBICHEEEZ T ofce DT T —/\—Id SEM. ZR9

IEELIEEES

N BB RTER. p=0.56; RIEEIRE® . p=0.51) .

HLRE MR GRE T, W E S D AR TR A & I O B IE IR A MEE K. B LT
ZTNOOMHARBBPBRBINKICE X 2EERERTH Y . 5 B AT [T AR 5 B o 52 A9 5%
FEFIC L o T TR EREIE, BRELTEBRENLELTDZLEEZLNLD, bbb

b
(}yay

Ao R B LT ek D Al BT Rl & R 0D B S\ ek D A B AT R L R RRIC B e A L T2 5
iE. DRBEBHLEVWENLOREEPHRHE SN R WAERELZ AN D, AT, W
B oD B3 2 EZMEMMET LS GIIIEBEOE I NELESN “BIIP R LT CITHE
ONDERE” ICHEFISNDEICRDESL I, —HWMMOELEIZ AT 22K TT 5

5
e

CEBIEDOR SFHEUEISNENELINDI LD, “BENDH->THEZ ORMMAE O 5T
B @l s 2 L2259, bLINDLDRRNPERICAECZEEITITZNIRBAHK
SNTLEI, BN DL G603 Wl &0 o B e 2% 2 5 Bl iR O Rl 12 572
WELDZEFITTHD (EZMEOETICHEVRBORBEIZITRD), L2 L THFERICESWNT
ey B2 AT 0 i BE AR R B o> KB A B RE P T 13 i R0 R o 22 A (2 ek 9 % A il RRE D BRI
WBEBZRpholeZenb, ZOXSRAREITZEVWEEZEZ LN,
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e

FATHIZE Tl U A2 249 BEREICTEE M 2 R 3k & LT, AiEE Al S s =0
MEPRES, ATERAR B BF . B ECHE . WREL A, RER S e M2 HRE S T
% 7= (McCoy and Platt, 2005; Tom et al., 2007; Rangel et al., 2008; Venkatraman et al., 2009; Mohr
et al, 2010) . L2 LEZNLOEMAED L 5 REEZH > THLONITHONT, FIZED
KERBIRICOWTIHREAPR RN LV, KUTETIELEMECERE LT OKER Y X
7 EFE)BERREERREEARZATOINAENICER LI, TLTX Yy v 7 VEEITRO 7
y hEETNLELT, BERERMOMBHEEN U R 7 B4gMEEZ A S, AiSEIRE T OKEE
PHEN Y A 7@z ENsELs 2 &2 /A LT,

CORRNBY A7 ) BEREICRES LTV NENOHB O DI, AWz iTE)EE
FOZRITICET 2 EBREUSN ORI T 2 2T 5 ERBIEOEBOFBICOVWTLT
(R~ %, b BT, v— 2 RS < A 22 4T B i 4 23 48 A b A i3 g RGRAT &
ELLSZEITTHZERRNEICRY, B2 200BRFEICO W THSICRBCcEF, BRL
LTERPELLNIWR->TLEI AN H D, Lo UEBERTE & Al 2E AR 7 B o 8% 58 FH.
Fix, BEERRITICRB T 2 EERICIEEL G XA TW RNl ERUSFRRIG I A
BRLICORBEZGEA TV RPN, KEMEFEICLD ) A7 EFMEOZIT., 20
FREHESOMEFITERICYLERRBMN Yot A0BEICLII/MRETERNEZZILND,
SHIZHIOFEELE LT, S ESCELERMZO DI T 2EZMEOLENZETEND,
BIZFZY AP VERETEHEONALIEBMETHL FDICHETE LK LD LYY
27 BT DX RDIEAI L, ARTEDZLE LD IO IC/NITIAZEZET O
D, ZHIEABEMICIZY A 0557 L LITBEENA RV, Lyl 2 oRGHIE., HEERHE 2
AR HERIGREICB W TITREER RN o7 L TEAINDIEAS S, HWEEHEN 20X
YT NRBEIBOTHORKROREBTELLEZ LS, ZORBOFEHNEZIFLTVD,
SOICERAMERBEICBTOIHRITIL ) —DHEBERALZRBLTWD, ThbLEKRE
AT AT R S A ORI E T A7 2 DR VWEREREICIEELZ RIS R o)
ZLTHhHD, LoT, BEEMBLAHERELT X, BERRESK LV IVIE, VAT EE
IBEBMEICEBWTRICEERERH ZRET MMM TOND . 2D LTS HERHE AT,
U A7 RIS T 2 RELE O R B EAT L MR EE TR Tho7 2 L Th D,

BERERMILY R B RET D
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INEFTE PERHRBRICLTEMEIEA A=V U I L » TE A, BRE. FFICEKER
WY A7 2D BERREICHAES L TWD ATREMEN R S LT &7 (Paulus et al., 2003;
Kuhnen and Knutson, 2005; Preuschoff et al., 2008; Clark et al., 2010; Xue et al., 2010; Burke &
Tobler, 2011; Burkeet al., 2013) ., A#FE TILZ DR RN EE 2RI & & biT, B RERE R
VA7 RIGWHZIRET OWELZAE T L2 L, BRERIEN Y R 7 &I LR
T DV FE, ETMHRCBVWTHES LTINS D0 L L —8T 5, #l21E
BRBEIXY A7 BB A2 BESRICHERY 27086 5 BRIk 2 ZS5EICHRIRENT D
(Paulus et al., 2003) ., £ LTI DXL RY 27 RREFICE T D BEEOWMIE/IT, AT
RTY A7 ZEGEL TG AIc LD Em< s (Xue et al, 2010) , F72Ar Yy bvr—r
TF=LEATHOT AV —OMIEE 2R TIE, AR R OELIES Tho e H
FOVHE D LTHIWE ) Zo LG EOTNBEREDEH AR, ZOFEHOKRE ST7
—LERITIENEWN) T LAY —DOHRES EMET D ERHESNTVD (Clark et al.,
2010) , T BIE YU A7 BEFEEREST D BERLERHOME 2 KB L72b O TH L AR R
Exbhbd,

TRV R B MEEZRETSEZERMBOKEIIEOL ) RT nERITL o TEARARE
h, EOXIBRRUTHRIEESNLDOES S e BERRECBVWTHELRE Z2RS Tt
APD—o2L LT, Damasio &V Y ~T 4 v 7 ~—0—(R&ANEE SN TS (Damasio,
1996) . VY~ T 4 v v —A— i LiE, BRREOEEABIRICH T 2EEH FOR - R
PRAGEN DB AA T AZET DL 0O W Th D, — 7 Craig 1&. B BB ATHE A3y BB %50
AR, S & MHFRICR AR E AT O ERELEIC. BRERTITIERERT TRA S
NIEEFEFRICHEEFEREBEORBRAMAML, IZEBELZRBEL TWVDH LWV RERER
L 7= (Craig, 2003; Craig, 2009) ., RN TR TE L2V A PN VWEBREZREFLID &, &
DRERBMEZFZTONDDHICHEEZHD DDV A7 08 H 5 R 2 & 580 )08
HESIEREWE B X b5, Ak o Paulus H O #F 78 (Paulus et al., 2003) (2B W TH &
N7 Y 27 @IREEO @ W EEORIERIZ, £ 9 LB S AR E L KB LTz al et
Hd 5, Naqvi & Bechara iV ~7 4 v 7 ~— 1 — it & Craig Dt x it & S 722 "8 L
7= (Naqvi and Bechara, 2009) , Z Ol CIXIB EORBRABEEDO BB REIC KT T HEIZEHR
L, BRREORRIZE - THREL INTBWNEFEIMREBRNERLE CRBE I L., BHFOKICH
HOGHICHEB LSS ICEONZABRREDBRENMTHEEIA SN, BERREICEEL K
F9 LS, EEIC Paulus 5% Xue 5 OHFZETiE, BETO@IUC B W T Y A7 2 F L THIL
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ERTEGAEHEREH STLAET, ROBIRIZCBTOIEKEOIFE N R > Tz LfE S
nNTWnas,

LY ~T 4y ~—A—REZBL I OMR T, RIEEE NRIEENICTIK T 5 1F
MOBENZONWTERESAR TRV, b LEBEXEOREICIVIFDHHOTEIRED 5V ITHNE
BRETEBEERECENT T u 28Rk PBRbR2ET2E BREDRFZFHFOL DT
HENIXVIEFLLARGUER RS D EBZZbND, Lo LA T, BREAHOAR
EMEICEY Ty NIV A7 BB ZRT Lo Rz, ZHNITERERHSEBREICEK
FL5WR s ARFBHO T n 22BN T, REARDOEL NI ERISHEEZRF > TS
AREMEAZ R L TWD, BEORE & BUEDORIROBMRME & W 5 Ml <5 o & B3 #iE o R~
EELOERERZMAT L THD L, MIORITTY X7 WdHRINKEZEAL THMAES N
holoGa, WOBATTHORY 27 08 dH 28R 4 38 5F G 08 5 EE RN O ASEMEIC X
VBER L ARFRICHED LTS Z ERghodc, ZAVIXE BE AT LY R 722 18 K SOk %
452 & T, VAZREENMEES N WTREEZ R L TS, fMRI & 72 Paulus
5 (2003) <> Kuhnen & Knutson (2005) O#FREICHE TS, HASBICHBE L2 KE D
IE LR HRE SN TS (HL, HOIEEZEOKEICEL THRL LXK DOMREIT > T
W2) o L2AL—F THOME TIEELERMEIIIEESICET 2Tt Tobb iR
W~ Do 5 WSR2 AEAHTOICEEEL TWD b EFbhTnd, il 2 1T
FIZ L0 BREZBE LBREFIRES X ANaict T 2P HRERPMMET T2 203 mbn
TWs L, Zy FEAVWEBHERICEVW T BEREOREEILICRI VT vy 7 =22 I % 5%
AT BT~ OWAERB R T2 2 LAREINTVD, ZNEFFNaRT 7 =43
YEDLDITKT OEGMEN KD TOTIE RS FREERL LD & 28K - k24
LI K Rot bRENTVD, b AAHEKBBDINH & FFFLREK ORI ITHER L
LCYURYBRAMHEABNESEL L0, 2 DICEEMNRFEIIRLS., VAZEET LV
BIRZITH) ECRBEEREA D207 ut 22 & Tn5 & W) /REMEIT+HICE
bbb,

VA7 2> BBRECRITZ2BRENT LAHAREFOHMK T 51EH

AWFFE TS RE AT OB RERL F R L AT L CATEHIRE T O EEZER ITo 72, 2
NIZIE 2 oOBMPH o7z, 1 DT EZBIT L2 LT, KERBROHEME 22 E 4 %
AR TDHELEHIC, KAEBRTHELNLEMENEITHREOLD LR TE 52 L2 RIET D
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O ThHD, o 1OEFFE—FEERTHOR —OERFIET 2HBMOBEEEZ R 2 LET D
LT, BEEAT L ATHIRE S O EREZTRICT 2D TH D,

UAZ7 25 BRIREICET Z2MBERGETOEEHICO VT ELS LS HKRIZIB W THE A
SN THY, Bechara HiIT T D Z & 2FEHARETHEGEEE L HSRIIT A AU F ¥ 7 VRE
EHOWTERNICR L., ATHEIREEFMES GO TRER ) X7 EHEICO VTR, 7 v
FEETNLELEEBRRICBWVWTHHENO A TWD (Pais-Vieira, et al., 2007) , F 72 it
REA A=V 7HETIE, EZICEBONTHRTEIREE N Y X7 24495 BRRE 21T 9 BRIK
EALT 252 3D L vz (Rogers et al., 1999b; O’Doherty, et al., 2011) ., X 5 (Z Tobler
5. IXAERE AT OEBENE L ADOY A7 ZMOEAR EMHET LI EERAHLE
(Tobler, 2007) , ZH 6 DEATHZEN D, AIHIRETIZY X7 2405 BERREICH W TIEH
IR RFIBICED SN T RO RFGEO R 275 DICHETHY . T7bb U A7 3R
PEAME T 2EL AT D2LEEZABND,

SRIOWIE, ZLTINETOMENDL, VAT &) BERREICE TR EERTEIZY
27 B ERET2Xy Y =27 £ LU CHIBEBREERIZY A7 RBEEZIME T2y MY

CERT2AREREZ NS, 20O 2HBITHENICIEMMICMEL TS EEZ DN
DM, ERICED XD RERBAKRICH D ONIERHATH D, BHFHICITEREOREGHEGRE
A L TWw? (Van De Werd and Uylings, 2007) Z &b BEEFREH L TW D ATREE L H 2208, 2
fEHEK & b M AR B S LT % (Reynolds and Zahm, 2005; Hoover and Vertes, 2011) Z & 7 5
MHENICEBEZRELE TV HAEELDDHTES D,

ORI BRABBEICOVTIERABIEH N FECMA TEREETEHFELE2E DY,
IR BE RIS BN D X A 7 I 7 A2 MR O OHEOMRIEH ~O R, B LOEE
DERE OERBEMREZRT Z & THRIENAIRICRD EHMHBIND, BED IMRI LB LEH
FHFEE AW T, SMEES ) 27 2045 RERE EO X HITRB LTV D0
EWVOHBENG, BIREOBOMMAHEEZ AT AN v 7 ICBfbsE D2 L THRIGEIA Y X
7 (8 IR L THBELTWDINE I AL T& 7, Tobler » (2007) (%, AfEHAR
MU OTE B BT RIS E S ) R ORE SITHBEL TR Y . WMo W FHE B AT
RIZEHENRTWDHEZ EERLTWS, (Oyama 5 (2010) O —#iEE &k Az
MRICENTH, MEBRICIHMHFECEHTIFERZRATLI2LDOEZ R 20272 b DD,
UZAZICETHERERBT L2003 o b WEINTVWD) . 72 O'Neill & Schultz
T, YA EZHRICH - MHRESHRHRICEID . ATERETICHHFETII R XA 7D0RE S
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B L7ZEB O {bE "y =a—m b d I Laild LT 5d (0'Neill and Schultz, 2010) .
—HEERIBICRE N TS, VR 7B 2 EBEICKT 2 EFHB (Burke & Tobler, 2011)
RY A7 OTFR°TRFEZEIZR T 28+ B (Preuschoff etal., 2008) AR b5 2 & vl
ENTVD, L2ALInbiZmRERSCREIRELR N Y 27 & /45 Sl g R oL b
TOHRERFEMTIIH L2, BHBIREEZ AW O TERSEREREICK T &% 4 H
BRTHOTIER Y, 0L Z2ABZ 5 MHE— Roitman HI2 XY, HHERBEEEZHWT
U A7 BRIICBEET 2 MRISE) O Z1T > e RN #H45 ST 5 (Roitman and Roitman,
2010) . HHEFF ¥y T ARERITHOT v FORTEHIRES 2 S RIEE 2L, U A2
EBRTHT v FEXTITRVT v b TIHBRROMERICHTHMBINEN R D Z &2 @mE
LTW5, FHIL 20134, FiBMIREDORFRETH - @B FIK L 3R T, RIFETH
WXy T VBERICET STy POBRERMBO R RIS B e AT o o, B EE R
MOIFZEALEOHE —RIFEENIIITEREDO A N~ (BIREZITOWHME., #MA G200 5 %
TOWME, EEICEMA G200 THmOME onTFhns LFEBICKIEERTL, &5
WEDHDOELI DY RPN LB REZBATLEGAGE ) AR VEREEZEALLLA TR
ROEEBEZ R LI, IV A7 03 H 2 BRIKZBSEANCHEICHE KEENEMN (b5
TRA) THE-MRIESARALSNZ LI, BAETHEH D, BRERT A EROE R
WREZDHLDIZERSHEEL TN ZL2RBR LTV EICBbnd, 4%IZERERT L
ATSEAR B B O B — M RIS B O BIRFFLER 21T 5 & & b IT, — F O FEI O I B 7 /Y ARG MR (b 23 it
FOHEEDOEIICEZ DEBIZOVWTHRITW FPETHDL, 2RIk I 272 BER
REIZEBNTEHLERHEAMHRES P AENICED L) ITEEBLZRIFL, ZLTEIDLD
W LTIV AR 2B TREDPEBESTXENDBRRES> TSP LNIESNDL EHfFESN D,

RO

AR TIEBREREICER L TY A7 2045 BRWRERLIT 5 Z0KENZ SOV THRE LT
o, TORMPEERERMEBITIZ) X7 BEHEZRETOIWRENHDL Z WML RS T,
L2 LU A7 %) BEREICED 2 MEEIZE IR, &2 W IXal SRS B 720 Tl
<o B AR RS AT B SRR SO R RS . AR R AL RAkiR R &b EE R AE & o
TWVWDZENFRMBRINTEY EEICEFZORFTENCEHETHLI LEZOND  AHIT.
HDH—OOMBEIKDOEEEZWEICHND7E T TR, ZNENOHEBOEGRE, 2FD R
TALLTEDIYICERRENRENTVDIONZHD I ENREEIZRSTLH5THA I,
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E2E RF—RIveikuob=r itk XR7%58R
PEBICBT B B R EiE & i IR B o B RE R &

TREEMW

URA7 &R TEHEICWNS2, BARICHTY A7 2D, 2 DO ZH 2 OKITT H
ZHEWFITART U AER>TW0d, HFLIETERTEL LI, ZTOEBREITIE D M HEEK
DWRICEFZEEIE, X7 UVRERARERY RV EGEDH D VITREER SR S
NTLEI, — . 0D LRMERORE 2 NEMICHE T oM EME L EER
RECAAT ZAePTLHEEREETHL, PTHLR—"Iv bt b= F ) A7 25
BRRECHFCHEBELREEBARITLEEZEZONTEY, EEINOLO VAT LIRE L X
e LMERY RS B - BN ER S ERMOEN TN D,

R=n_I LT 2T FTIE, 7457 Fy 7 AVBRECBVWT =3I b
NOBENT LAY —ZmnY A7 &EMEA 7T (Sevy et al,, 2006) &\ 9 BFEHE . K
KBV THMERGFIEDIETE LT R— NI VZRROT I=A MR FEAINLZERHD
(Imamura, et al., 2006) EWIHBINHE T LN LH7EAH5, BIPMERICEVWTE, 77 =¥
PEEICESTTy POV A7 EGEERE L, EL ORI DBEIT D, ZHEOT X
T=ANOEFIZE > THBIE &N S Z & (StOnge and Floresco, 2009) . F— /33 U {EH)
Ph=ma—v® GABA, ZRREZRBEIVEELBITUXE~TRIEWI A7 BIFHEEZRT Z
& (Parker et al., 2011) WM EINTWVD, HAEBRVPHEICHET e hEHFRIZLTE 225D
M LEBBEOBMERRIILTZ 2 2O TIE R—I DU A7 @I T 5 1FH 2 %t
By chy, —ARFETIHILICEbND, ZORKOAEEICOWVWTITHRIERT 28, i
KLHLINODHFEFIT R —="I U NY A7 24 BERRECKESREEL LTS L 2R
LTWa,

—hte h=ICEALTE, R b= LRXAREWIEE Y X7 & 2lEd 5@
Ronz2 k2B bnd, plzidte b=y 7 UV AR —F—BIZFICva— A TOT
UNWERONEZr T A TOT VLo NTHNEFENRY X7 2 2 d 2808 H 5
(Kuhnen and Chiao, 2009) ., 7=V vz Wik ERIZEBNTIE, P T 77 o RZBE 4
B2 TRt F= bRV EZERTFTIEDL LV A7 B HERBTZLBRES N
TW5 (Longetal., 2009) , 2RO FIEZHWTT v MZBWTHHER S 4L T % (Koot
etal., 2012) ,
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LIATHIRLZE D RINETOMETIE, MEEK (HD2WVWIETEY) OF—1"Ir -t
PRV URAVERETLHILETINL 2EOMREEDEN Y R 7 245 BEREICEW
THEREHNEREZTZLEWALNCLTE L, LOPLARODERWRA I = LEMD E
T, MEKROMBREEDEL AV EZ —FEL TEET LI FECEMES b2, LI D
BRI =NV fFEE==a—n b0 idtre b= F@ik=a—n L Th o> THHEREDN
WCRRDZR Y PV =T ICRBT DT N—TPRNLObHDH LB, TNDLDOERZEY L
TLEINDL ThD P ATBREMEBICH D PN I FEIME= 2 — 0 VX EICHEEIC,
FERBEEBTFICH D R— "I UfEE M= 2 — 0 IR S KM RIS BN T2 2 &R
HONTWD A, BIEIXEVERIC, #FITLVRBCEBHTL2DYOEVWRY hT—7
BT E2z6Nn%, - F—RIv -kulr=rnPfhb=oa—u it T 5ERADE
MBRLIEEOZHERYT T EZATHEFEEL, EOFTHX AL TR ENITERBLL TV 5D I3
I L > THERLIABERTERN T F—R"I Rt b= o%HE 2 M5 ETIX,
IS OMBIEEDE N L OEHNOMBER BN TEZOREL LD L IICHE L TV D00
WOWTHRDMENH D, £ 2 TIHETIIREDMEBRBITICZERY 7 X A4 7 EIRW
R ABRG T2 HEPROA TS, Bl 21X St Onge D 7 v — 71X 7 » b O AR #if5E AT
I Dy %AW EA L Dy AR ERZKLE L, A& XY A7 B2 B0 S E%RETHEM
S5 L Aa#WA Le (St Onge etal, 2011; {2 L Mai and Hauber, 2012 4 2 I 7= vy)
CHIEFE MBI EDEP BB EINTZE LTOZRINDY T X A 7P E 2 TR AEITITE)
CRIETHBLRELZLERDILEZRLTVD,

ZIZTAMAETEZERY 72 A TICOERLARRL, H1IETHROREELZAT L2
ENGIo LB RER EATHIRE T2, F—"Ivttn h=rR L0 X5 ICHME LT
DDOMPITHOWNTIAT, BRI ERERTIE TN F— " =2 —r B 3
FICZSOFEFEZ T TV LOICK L, MEREFIZHEHD 0L AT T TnRn
EE xBTS (Berger et al, 1976; Berger et al, 1991; Ohara et al, 2003; Van De Werd and
Uylings, 2009) . Z#uix mRNA OB AL b —B L THE V., BEEATHICIE D2 AE L
D, X AR D mRNA OREBLPIEFICHBIZA LN L2DIZK L, BTEHRETICITIEEAERD
A7y (Santana, 2009) . -S> CTET F—RIVICEHLTIE, O OZHEKRY 7T ¥ A 7%
REPLES 2 BEERMICRTR G LG a3 A7 BAMEISH 608N 1 2 6N
WD, AEREHICRELESGICEREERN R TR, —FEREOER B
=M EME s —r VIR REM EATHERET T AICLERNS L TR Y (Linley et al.,
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2013) . F 72 5-HT 14 Z AR & 5-HTa % A KD mRNA & i fH1% T 8L L T\ % (Santana, 2004)
b, Ewm b= UEZBERY T 2 A TEROEERITELERTE - ATSERE S VIO E
Bzl W THZOMRBICEEL R ITARERND D LTINS,
WEOBROERNVBEEER T H2EEREICKTETEE (BEDRLES) L0 BLAIC
BOTHE, EFEF="IVPRDBERO 7 4 = F Ny 72, FLTEr b= N REEERO
T4 = RNy 72X EELTVD2OTEHRZVYNEEZ LTS (Cools et al., 2011;
Rogers, 2011) , EB bt FO R—RI v ZF KL b= ZREOERBFZRICER LT
T R=A"I U DRBEOTHAM~DEFUCERPEN > ToDIZx L, ke b= 3Rk R
ZIICLIZE RO B ZATEBEREN - 72 2 & AHE 40T % (den Ouden, et al., 2013)
AHETIEIZOE I REAICBTFDL =3It b=roBEEIO VW TLELT S,

ML TiE

ERPE

URZ %MD BRREICE T 2 ERERMEEREY OMiELZ F— I v ttnr b=V
MEDEIIZHTAHL TV DIONFTARDL =D, 4 DORKBNRZHREY T X247 Dy ZEE -
Dy Z A « S-HT Ao A« S-HTAZABROMEFMZH V., FEEAORITEANT v b O
URAZEIWICEZ DEBELFT, THREIXBL1IECH CEMECET2Fy 70
MEOHZE R W (LLFHIZX vy 7B ERESR)  BRIEL 7L E /7 O Wistar 27 v b
Mt (K 2509-310g) 34 Cx Hv, EERHIEICHLTCLE 1 HLFEAKTH D, KA
EROFIECEHLTHHERATIEABLOZNICHET 2 R IMNIE LETHN LD
ERBEDO b DR W, E12 4RI EOEVEZ R S E2HEE H WX RERZ TV,
Xy o TVMBICR T 2EMERCTY X7 RIFEICRE L 5 2 7 3K 2 W & o 5l6ee 2
DEDIEBELEZTWRWNE S MR LT,
BEREE - ITEYVEBREE - TEHREOIME - ¥ ¥ o T ABE - FF - BHEARIE - BT -
TEBIT—¥BITicoVnWClEE L1 EZ2EZRINZV, BALUTFTORICOVWTHIEOLDOND
EELT,
Xy Ly TIVEBBEIZOWNWT

IECBVWTH2FEBEOXF Yy 7 LREEZH WD Z L IC L > TERBERO —KMEIZON

THAE L7, ZORRVWTHLORBEICEWTHRAKOKRNG O, £ TH 2ETIT®R
MEICETAxXy 7 VBREOARZH WL (B 2ETITHIZX Yy 7 AVBREEES) |
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T8 — F DEAFHEICONT

FHLIETEEXOEF BT LRy va v ERBRL, 12y a v ORNY A
NHDHBEREEBALHENRKKRTH T2 bDERDTHTZbDOERILE 10 By v 3
VO R R REIRRLE L, LML Fa DIk TREy v a vBTOT v
FNOITEIRLET DRI RoTcied, H2ETITHICHEHT 10y v a vy OFEHEH W,
REEZRICBIT2EEELYy Vg iZO2NT

BLECHAEE Yy a Vv ELTHEAMOSEy v a Vo EHEH WM, B2 ETIETH
HEDO1leyvarvzkifEryrarblh, RRELIOERIZLD2RKFNREREEZDHEIZ
ZAbix/e < FLFE 1B LAFERERITIEMOS Ly v a VICRBIT2BRNEN/LEL T
HT MR LI ETITo 2,

A

BEZAEERBRAAERNE LTUTOLDEZH W, D & KHEH © R-(+)-SCH23390
hydrochloride (2.0, 4.0 pg/ul), D, X&KL FE A : eticlopride hydrochloride (2.0, 4.0 pg/pl).
5-HT a2 B MRFLEH] : WAY100635 (2.0, 4.0 pg/ul),  5-HT,a % & R FLE A - M100907 (0.2, 2.0
pg/pl) (2T SIGMA) . WTivh 0.9%EBE /K (RERE) I2EM LSREICHELZ,
fH L M100907 (2B L TiZ Lactic acid & 1. 2 i/ A TABEE/KIZE 2 Lc, ABFFEO B P
XA DR ERFO R REZFT D 2L TERWi=d, JLITHF%E (Fujita et al, 2008; Robinson
et al, 2008; Furr et al, 2012; St Onge et al., 2011) & TR ERZ2SZ I+ ORI ELND &
EZONHBEE, BLOZTNEIV OERED 2K TEREITo 72, EARITE 132 &Rk
#OEER 10001 & L7,

MEETH 2O, ZRES T H A4 TR EH 4 BE L2 2 oORESETERS
L, &biZarbie— (EHEEKDOR) WEEZMZ 5 LG5 9 OMBREEDNFEET D,
ETORBREMFICOVTH—OBEETERT S &, HAFEAOBK LICE DMk ~DF A —
VOEBEBELLIRBRNE D DD, 1 HIZOERHRANTIHZEETHKBRT LI L L, —
BIZHEAN~OFEAERTILIIEETCHEFICHRBRCEr2HRHEINTVWS, FEL TR
B9 2 BRIC TR A O RS R OB FEBRIC F TR 2 Al 2 PEBR T 5720, 2 BLL R
Wz, 22U X7 BUGENEANZEATDODADOR—ZAT ALV LRXLETR-STNDH I L
EHRLTHLOROEHERZIT-72, ILIECTAMT3HEFNOBEFIZBEMARE T o F <A
AL, RBREAKZOLODNRLT A M T 2 HADIEFKRFH RN REEGIEL L THRIIL
TLE D et & dEpR L7z,
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ol R

Xx T NAVREBIIBITST7 vy bOITH

XY o7 ABEICBTL27y hOBRBRITHITE LEEOLO LR UCMBEMTHo72, M 2-1 1%
AREBRCTHWET v b 3IELOITEHT —XEZ R L TWVWD, U AT PN LB E Z2OEREO
BAEEREM CTH oA (X=2) 12X, 26 L3 Y 27 M db 2 BN 2 A B4 e i 2 R
L (66.2+1.2%) 8ILABIUMEZ RIS o7 (56.4+23%) , BAEELTIEI A ANHD
BRI E A BB N H -7 (63.9+1.3%,t[33]=10.71, p<0.05, \WF it One-sample
t-test ZHWTREREMZFR T2V EHEINDIEIRE 50K LERDT v NOBRPEE
WCHZR S TWDLONEFRT) , UBROEBERTHWD FBMNEMAEHE T 2720, &
WOBRRBIZO AT v 7 TEA N (f(x)=a+b/(1+exp(-x-c)/d). a, b, ¢, d /L H H /¥
J A—X —) % Least-squares method T7 4 v T > 7 E&H L 25 (12>0.99) | % 1 HEFER
X=24Tholz, Lo THMERICE L CIRFEBMNSEMAICKLIVERTHL X=2%H

Wiz,

100 -

N=34
IZ—/\—:SEM.

() WP PRGNS NC
3
1

R HEVERREO®RME (B0

2-1. Fv T IVERBICBI B1TE8T— 2
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MBENTER VA RV =a— LV BLUOEARAI =2 —VEROER

B 22 ZHA Fh=a—VLEEAAT=2—LVOBORES (A) EEFEEOEARD =
2 — VS ODONLE (B) Z/RLTWD, ffi~DF A=V E =2 —LVRICRESNATEY
EAEADKMY B LI K DHMAEOEEIE R EORBIT RO, E0 T 4 0 AR &
CBWTHLEHBEROBRHICITo oy a2y TORRKRITEAEARMOLAEL v v 3 T
BULIRIREFLEEREZT D)o (KLY a3V EBHDOE Y 3 VT paired t-test
ZRAWTHBLEZEZAETO pEIF0.05% LE-72) . ko THEAOZEIZE A LIKICIX
B L holtEZLND,

A FTTRREE
@ : BRI

B2-2. HAFAZ2—LBEIUEABANZ 21— LEHRUIBEDRSD

AlEZy AVRBENTEREART. RRNGAHA FHAZ 21— LBITEABAZ2—LEEZTT,
BILEARNZ 12— L DOFiR{IE % The atlas of the rat brain (Paxinos and Watson , 2007) (<=9, KA
DEEESDERRITLLTDEY . AID: dorsal agranular insular cortex, AlV: ventral agranular insular cortex,
DI: dysgranular insular cortex, DLO: dorsolateral orbitofrontal cortex, GI: granular insular cortex, LO: later
al orbitofrontal cortex, VO: ventral orbitofrontal cortex
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BREEMMWMEMEREF~OF—IV - ku b=V ZEFES T XA FTBIROEEEALY

A7 BREHICEXHEE

HHEROFERIZOWTIEIK 23 ICE LDz, ELETNETNOEADGIREZ 5500 T <
RAT D20, K24 THEEE Yy Va  EEFMBEAL Y Y a VBOESZR LT, FiEO
IOV AT BIFED L ANITERIC > TERERZHY , R CEEKICENTHHE LV~ L
THEHETEMNMLE BLEREREZTOICHL > TEL, EAEAZTOEES Yy a0
BIREPNZEL TVWDLZEAMRLE ETHEAEREZIToT, BHESEY v a iZBITDE

REROEHEFAEDOFEL 115 Thote, ) 72D, TNHER—ZAT A VOERPBFE ST

%Egﬁun — == A P
1) 100 ~ E EFEAEY Y=Y
A T * 1 * — BREGZyYaY
Z .
ol T
3]
2 T . - T T
2 B £ o
iR . T 1
}Lﬁ 50 1
it
¥
2
b3
iR
4
(%) 0 |
gl 2.0 40 2.0 40 20 40 0.2 2.0
N=8 N=5 N=9 N=7 N=6 N=7 N=5 N=5 N=9
D1R sz D2Rmza 5-HT1AR m=a 5-HT2AR =g £ERIEK
EIEELEF=$4d (— S E P
1J 100 mmm EFEAEY a3y
A s 0wy ay
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pa) o T
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\é B T P
=
iR 1 1
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¥
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N=5 N=5 N=5 N=5 N=6 N=7 N=5 N=5 N=9
D1R s D2R = 5-HT1AR pa=s1 5-HT2AR Az 4EAEK

X 2-3. EFBrEE EIRET\NDEEEIREN ) X7 # FHICEZ 5HE

) AT HH5ERBEICHT 2BIREETAT - FAR - BHOIBTHEIT B8, BELY
avEMBRELTEARY MNEEAWVRERIT > *ldp<005%&, T1dF p<0.10%ZRY ).
ERERERTId D2R FREAIE 5-HTIAR FAEFRS H T A7 RIFEAEINT &, L THIEE
IEEF Tl 5-HTTARBEER IR S DI HBMRAET L U A7 EFEE RO Tz, T5—/V\—& SEM.,
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L 2-4DFHN LY IEEMBREBTHL LEDOND, M2-4I2B80WTIE, TV AT 03H D&
RICR T 2 BINEFOLL (ERAAFEAEYy varyr—KEEEYy T ay) PEBEThoTZnE D
7> % One-sample t-test (A E /K% (X p<0.05) W CTHEAFMEFEICH T2, BRI TOE
W ThH D, Dy AW EH SCH23390 (3 & K EATH - AR ET T hICB W THLAERE
fba bbb 7ol (EEERIE : 2.0 pg/pl, t[7] = —0.09, p = 0.93; 4.0 pg/pl, t[4] =—0.13, p
=0.90) (ATEEHR & % : 2.0 pg/ul, t[4] =0.93, p=0.41; 4.0 pg/ul, t[4] =0.54,p=0.62) ., — 7.
D, S &K BHE A eticlopride 1T B ERIHICIH WV TIX U A 7 B Z NS W7 (2.0 pg/ul,

t[8] = —3.85, p = 0.005; 4.0 pg/pl, t[6]=-3.12, p=0.02) ., UL LAlBHREHICB W CiT 8%

0 - ) , BB
- * * * *
+20 ~
1) )
x5 7 1
I
’)% % 20
]
S 1
¥ 3R
3 53 -40
% % +40 - [T
nF ] FIEELE S
% )
2 S (
El
> z 0 + '{_‘
o 1t
1.'%5 _
3] 20
e
5 1 "
- 40
oyl 2.0 4.0 20 40 20 40 02 20
D1R D2R 5-HT1AR 5-HT2AR &iEBIEK
PEEA FREE] FREE| FEEH]

2-4, FEEREBOEREZEDRRLIEED

fedmlE ) R h\Hh BBIREEICH T HBIRKBICOVWTEAFA LY VY a Vv EBEL Y 3 VDEDET
LTW3, MR TIEE TN BEETH o fch % One-sample t-test #F FHWNTHRE Lc, RICEEE
BB NERRF S L TH Ry MEZAWVWSFRIFSE AR Lz (* (& One-sample t-test ICBWTEE
TholeT ez #IFARY MREICBWTERTH >l &AETRT). T7—/\—IF SEM. ZRY,
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FAE S 7275 72 (2.0 pg/ul, t[4] = 0.26, p = 0.83; 4.0 pg/ul, t[4] =-0.12, p=0.91) . = L T 5-HT;a
Z AR EA] WAY100635 (X5 ERTEBICEB W TIE Y 2 7 5RAMEZ2 8N S 72 (2.0 pg/ul,
t[5] = —2.73, p = 0.04; 4.0 pg/ul, t{6] = -3.98, p = 0.007) & OO, HIFARE B IZFHB W TR
U A7 EM A2 S (2.0 pg/ul, t[5]=2.09, p=0.09; 4.0 pg/ul, t[6] =3.26, p = 0.02) ,
2T 5-HToa 52 AR PHLEH A M100907 X B SCE AT - ATHHIREH W IV TH Y 27 %

U PR 524

g

bA RIE S leovo T2 (B EERTES @ 0.2 pg/ul, t[4] = 0.05, p = 0.96; 2.0 pg/ul, t[4] =
—-0.33,p=0.76) (AiHANR & % : 0.2 ug/ul, t[4] = 0.06, p = 0.95; 2.0 pg/pl, t[4] =—-0.19, p = 0.86) ,
FRHERE L TITo AR KEAICBWWTE Y A7 BIGMEICEMITR NN - T2
(&R ERIE : t[8]=-0.12, p=0.90) (ATEAMREE : t[8]=-0.35,p=0.73) , & HIZU R”Y
BIOOMEICABEREEPARONTEERFEICBVWTZOMNRICTBEKFHNRE R DD E D
2> 2 Tl OO I8 E S E [ T Paired t-test (A E/K%¥IX p<0.05) ZHVWTHREZLEZA, WTFho
SFICBWTHLHREERET o7 (B :2.0vs. 4.0 ng/pl D, ZFKFHLEAI, p=0.25:
2.0 vs. 4.0 pg/ul 5-HT ;o Z WKL EAI. p=0.73) (RIEREE © 2.0 vs. 4.0 pg/ul 5-HT 14 %
AP EA . p=0.26) ,

RICHEEANFME TR LB T D270 AR KFEZREEL LTy MEZHWT
BEZEAT > To, ZOFEREBEERE TIZTWVT 4L H 4.0 ug/pl DR HLE A & 5-HT 4R L&A TV
27 BRIFEOHIMMICABEEN R O (£ p=0.02, p=0.04) . FZrisEIRES TIX
4.0 pg/pl 5-HT AR LEH KM TO R Y 2 7 @O ICHABEEN Ao (p=0.04) . =
NOEDKRNPDL, F=RNIvttr b=rFEETNEN D, ZAEME - 5S-HTI A Z AR EZ AL TY
A7 BRIGEZRET 2 HREMBEIMH L WD EMRTEL7255, —FEr h=v13Y
A7 BMVEEZIE T 2 ARG Y T S-HTA BB EZ N L CEOBRELIME L FERE LT
VA7 BEEMEZHEMEETWDATEBELRD D,

Xx L TNV TEHOBR - AT B 0OBIR (BEDHR)

Dy XBR L 5-HTa BRI EFE AT LB ERTHICB N TY 2 7 EAgHEZ NS,
TEHER=RIvltr b= INbOZREREN L TR AROREL B EATIC KT
LTWDDEAID, TNELERITOLIOIEAI D, ZOREMEERELI IO, B O
RICOWT SO RO ZIT o1, 22 TEHATORATICE T 2FIROFE R P KOERIZE 2
LREICER L, BIRENZ L2, EADOZBER V@ OREBIZENT, 7y MIATO
AT TV RZEZFB L TH ook OKAWEONTZR) XD AT (KGN rol
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) OFBEOBITICENTHWRY A7 28 FTHmREr-7, HxEdHD7 v FTIHAT
PRIV AT NS D BRI EZREEENT80%TH oD LB 2% TIX679% TH -
o ZOMBMA Dy RBFNRL S-HT AR AR EAEAICL > TED L HITELL TWIZD D
AT, TOBRMOBEIXT v MK THEER D > 72729, 2-5 TH X 2-4 [FER.

Ky va v bEFEALYy Vv a VIBIORBIREROEN O ZRT, S Tix, U A
IR LEREEZBALETITICOWVWTHEHRORITTY A7 DD LRRIEZROP->T25E -

BTTEHEE (BLXORY A7 R nEREE RS WAL, TNZENOBEBREIZON
THHEL v g v EHEBFEAE » > 3 > T O0ne-sample t-test 2 17 - 7= (4 E /K %13 p = 0.05),
BLBRELZHET D0 H > THIBRD IFMFICHE L7 L EMET L ORITERBEY 7
—HADNTIEXENREL 2o TCLELT, TZTHRIBHOETZM 720, 2 DORELME
DTF—=F% 1OICFLdle 2 OOREFMEB TEADHRIZETIRONRP>T72) , T
OFER (K 2-5) | BEERATH~O D, 2 B EREANIB - 72% OV 27 BAFEZ 8N &
ELO2bODATLHEDOY A7 BEWHICEIEELZLGZA TRV ENRHLMNE R -T2 (N=16,
pEIZZNZ4 p<0.05 p=0.99) . xt L TEBERHH~D 5-HTa %5 HKHE R EAZAT
HBOU R BREEEMETHESTHBO U A7 EEFMITITEELZ KIEL TR o7z (N=13,
pEIXTZNEI p<0.05p=0.13) ., FATEHIEEHE~O D,y HELEFRFEANZTELZDLY

1 1)
X —_t X -
. H 25 B ERG 4 201 AIEERR B 5
50 . i = Borit
=2 0l T2 0. -
]\ ig * )\ 5,
2t 2t 2
# v IR ' v R
£ ¥ B +10 + ¥ B o
] \3 j% W \3 %
AP S v LW
3D F g T 3D F 40
~ 18 3 | e 2
DR DY
B> Rr (R
# = 10 4 = fo1:1% * = -20
5 & e 3| *
L W @D
fc 23 e Z *
:% e D2R 5-HT1AR z% 1t D2R 5-HT1AR
= FEEAI PEEEH ~ PHER PEEH)

B2-5. F—N\Z2&tnObZrnl) X7 B IFEICHT 5 EREE

ficsdid ) R Db 5 BRI T 2BIRKRICOVWTERFA LYy a v EREEL Y 3 VDESR
ERLTWS, BEBICERIT 2BORERHRE T A7 EFEICEZ BMRITEVEHFSNGEDL
Ofcfedb. TTTEF 2 DDREHE 1 DICEEHTWVWD, BILHBETH>eh E 5D One-
sample t-test FEVWVTRE L (Fl&p<005%5R9), TF7—/\—IX SEM. &R7.
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A7 B EZEASE RPN, RFVBTEHRATZEZVTRICENTH I RITA O
otz (N=10, pfEIZZH Fh p=0.28,p=0.27) , = L CHIGHIRE B ~D 5-HT ;4 Z & IK
FHEAFEATBZZATEZEVT A THRERICY X 7B gHEZED I E TV
(N=13. p fiiZ4£12 p<0.05) .

VA7 BHEMUNMCERZDORE  TOMOITHREEFECANTIRE

BlmEFAME, BAEADY R 7 BN ~OEBEHRT 5720, BIRELSN D 3-
DATEFRIE IS T 2 B2 T, FEHWE O MEIERFICH T 2 EER, A HBRREITICE
ORISR (/=X R =706 b AA—MLETORM) . By var2ficsid s
AFICONWT, KLy v a VERFFEAZOE Yy Vs VTR LEZLDEFK 2-1ITRT,
A LGS AR EAFEALZETHIEEALAUPHRENICLERRAON -T2, — .,
FOGHFFRIIEME L TEAFAZOE Yy v a v TCELI RN H -7, FFIT 2.0 pg/pl © Dy %
ZRARBEE A E A CUL B BCERTES - ATSERE S DI RICB W TH RIGRE 2N EL 2o 72, fiLic
b RERE - AEIREE IR T D 4.0 pg/ul © Dy ZREEEAEA, AIHEIREFICBT S
2.0 pg/ul @O 5-HT o A EEAFEHEAN, BEERTHRICH T D 2.0 pg/pl D 5-HT 4 52 25 K BH 55 Al
HEATHOGK R 2NE S 2 5 m A &H > 72 (pfEI% 0.05-010 THh-72) o L2L DD
RefE] OB INE A B AKEARZG LR L 2GS EAERETE e holclnd . FEDOEH O
RN DI TIERNEEZILND,

*RER : M EORIEHICHT D HE

WIZHEAEANC L DEBIREOEAN Y A7 BT 2B b0 TIERL<, R
BEORMNENZDLDIZKTHIERBICLLILD THOLAIREEEZMRIET 2720, IRDAEON
AN O W TR EOFRBRBEDORIMICEELEZ D00 E 5O TR T2, il
FECIIKATEE 22 BIRESE, MASKEOREUN Ty T ABEEEFELFE - T
NEZ iz, fR. WTFNLOEAIZBWTHFRHREORBICEIZEN LN oo (F
R R XDy, 2 IR ER : e+ v >3 > [91.3 + 6.3%]. HAIEAE Y 3 [86.0 +
7.0%]. N=3) (&R E AT X5-HT A X AR ER : LML v v 3 > [94.0£2.0%]. FEAEA
w3 [93.7+£3.5%)]. N=3) (RIBHARTS ¥ X5-HT o AR EH - ¥R v 9 [93.0
+ 1.2%], EAIEAE v 3 [93.7 £ 1.9%]. N=3) ., Lo TEAICLIF vy 7 AREICE
JOBBIREOLEALIZT R EBOFRBENICKH T HEEICLILZ2bDOTEIRNWEEZZ LN,
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ERERH HISEAR B 5
RIGERE (ms)
pre post pre post
* *
D,R &I 2.0 ug/ul 1136 + 77 1361 + 102 1081 + 81 1250 + 53
4.0 ug/ul 1099 + 73 1706 + 270 ns. 1074 + 90 1610 + 198 ns.
D,R &I 2.0 pg/ul 1202 + 70 1482 + 163 ns. 1271 + 180 1370 + 187 ns.
4.0 pg/ul 1036 + 53 1149 + 114 ns. 1114 + 77 1248 + 108 ns.
5-HT AR B2 5] 2.0 yg/pl 1580 = 210 1521 + 142 ns. 1242 + 48 1484 + 110 ns.
4.0 ug/ul 1353 + 85 1246 + 55 ns. 2428 + 124 1311 + 47 ns.
5-HT,aR P& 0.2 ug/ul 1319 £ 122 1218 + 73 ns. 1251 + 139 1226 + 42 ns.
2.0 yg/ul 1210 + 105 1419 + 150 ns. 1099 + 76 1244 + 70 ns.
SEEIEK 1047 + 73 1327 + 206 ns. 1157 + 100 1367 + 185 ns.
IEEE (%)
pre post pre post
D,R & FI 2.0 ug/ul 1000 1000 ns. 1000 99.5+ 0.5 ns.
4.0 ug/ul 99.5 + 0.5 99.5 + 0.5 ns. 100+ 0 100+ 0 ns.
. . + 2+ 0. . o x0. + .
D,R P&l 2.0 pg/ul 1000 99.2+ 0.4 ns 99.5+ 0.5 100+ 0 ns
4.0 pg/ul 99.3 £ 0.5 1000 ns. 1000 100+ 0 ns.
5-HT AR L= FI 2.0 ug/ul 99.6 £+ 0.4 99.3+0.4 ns. 97.8+ 1.1 99.6 £+ 0.4 ns.
4.0 ug/ul 99.3 + 0.5 96.8 + 3.2 ns. 99.3 + 0.5 99.6 + 0.4 ns.
5-HT, R % A 0.2 pg/ul 98.5+ 1.0 99.0 £ 0.6 ns. 96.5+ 1.8 98.0 £ 0.9 ns.
2.0 ug/ul 99.5 + 0.5 100+ 0 ns. 99.5 + 0.5 99.0 + 0.6 ns.
SHEEIE K 100+ 0 99.6 £+ 0.4 ns. 100+ 0 100 £ 0 ns.
RIESRE
pre post pre post
D,R FHEFI 2.0 pg/ul 0.3+0.2 0.4+0.3 ns. 0.2+0.2 00 ns.
4.0 ug/ul 0.2 +0.2 1.4 +£0.9 ns. 0.2 +0.2 1.6 £ 0.9 ns.
D,R A A 2.0 pg/pl 0+0 00 ns. 0.4 +£0.2 0x0 ns.
4.0 pyg/ul 0.1+0.1 0.1+0.1 ns. 0.2 +0.2 0.2 +0.2 ns.
5-HT AR L= 5] 2.0 pyg/ul 0.7 £0.3 0.7+0.4 ns. 0.5+0.3 0.5+0.2 ns.
4.0 ug/ul 0.6 £ 0.3 0+0 ns. 0.7 £ 0.5 0.6 £ 0.4 ns.
5-HT,AR PHL“E I 0.2 pg/ul 00 0.2+0.2 ns. 0.8+0.6 0.2+0.2 ns.
2.0 ug/ul 0.8 +0.2 0.4 +0.2 ns. 1.0+ 0.4 0.4 +0.2 ns.
SHEEgIE K 0.3+0.2 0.3+0.2 ns. 0.3+0.2 0.6 + 0.3 ns.

fE: F1§

+ SEM, *: p<0.05, ns.: %L
EER - RS - NS S A% 5 [EA o 2%

* 2.
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%

AR TIZY A7 &5 BREREICE T 25 ERTH & AR E T OBEIC F—I
L b= REDEIREELZLELLTCVIONHRND D, SMEERFHITNICZRZA
YT E A TRERAEREZIEAL, XY 7 ABEICEBITLT7 Yy O U R BEIIEICE 2
WEELZFMULLE, TOME. BREFMTICE O TIE Dy ZHFIR E 5-HT 14 % B KL EAl O EA
FEELL LU X7 BEMEZBMEE TV EbDOD, AIHEIZEICFY T AMICHETZBEDOY A
VBV, BREFTATERO ) R BGMEICEEL G252 R hol, EAEIRE
B~ 5-HT p Z A RBLEAEANT BRERTBA~OEAN LI Y A 7 B4 2D S &
oo THOORERIT, VAZ &M BERIEICK T 25 BB ATl SR & 5 O ae 1 N —
NIt b=V PEBRICEBEZ5EXZ TSI LEZRLTVSET TR, 2 DOMRE

EVMEAPRRLIEEH M- TS 2L, BETO2ZBFRY T XA TRRERLZLERLTY
5, FFIZBEOBRRICBITOIMBICEKHFL TR —RNIvbtrn b= PRI EEELZRITL

TWAD E WD ST IEFICEBRZE N,

BRERMLMEARBTFCRKITS F—I v ORH

s BUEATER ~D Dy T AR EANEANR Y A 7 @A 2 NS E2 & v 9 Ao R R IE St
Onge b O JeATHFSE (St Onge et al., 2011) I TWS, LZOLD 7V —T1L, 7 v F DN
ATBHATEF IC Dy, = AR EAZRFTEAT L E U A7 RGERHMT L5 EE2ME L TWD,
ELICZOHRIT AMEELEFABICIE Yy TNV HBOY 27 BEEICHERNTH - 72,
ENMAETEHATEF~O Dy T HFEEEAEANTY 27 RIGHEEZBD S EZ OO, Dy ZHKE
BBV DE NI RN 2o L bHE L TWH, AR TS B RERE~D D, %R IKHE
FIHEANITY 27 BFEICHEE B IR P72 b AR ELRBERMEFICENT Dy %A
EOBAEIT D, XEROBIFIZLITITY A7 BUMICHERDRZLLLIRVES Th D,
BRERTBICIE DB - Dy B RN TNO MRNA BB L TWL 2 LE2Ex 5L, 2
DFERITTHATH o/, LT v FPORTEMBFIZIS VT, Dy ZAKE D TAKITIML T
Bl =ma—m lBB LTSI ERNENEIN TS (Santanaetal., 2009) Z & % & %
5L BREMBCIEDXAERERIAT 22— B3 227 245 EERECHGLTY
HO00b LNV, WTFRICEXIAEIORENSG, FR—="I 3 A7 RIGHEEZRET D E
RERIEOMIELY D, X B EKZALTHMH L TWDEEXZBNDTEA D,

RTSAIR A B~ D Dy B Dy Z BRI EREANILY A7 RIFMEICEEE 5 X205 D8,
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ORI F— RN U EEME = 2 — v O REBRHED 5 (Ohara et al, 2003; Van De Werd
and Uylings, 2009) X° D; S &K » D, X 1K mRNA O3Bl 434 (Santana, 2009) & W\ o 7= fif
HIFEMEA e — BT 5, Ko CRIBEHREIFII N — "IV OBEBENRERLZ T TRVWESZ X
bNb, —H CRIFEREI I, PR — I v fFfiE=a—a U CEH L TWDE 2 LN g0
- TW % (Hooverand Vertes, 2011) ., Z O Z &b, AISEREEIZHMN F—/ 3 HEBIME=

2= A~DOBENTEST LT R=AIORfEi 2% T 2MOMERICEEEL G2 TWD A
REMERZZ DN D, BlZAIFXY A7 @Gzl oz FFORTEIREE X, M F—33
YEEME 2 2 RBESEL L TREEENMBICBT D F="I v OBHEZE L,
BEEREHEMHE L TV dons Ly,

ZHLE L BRERMICHREENDE R=_I 0Dt s o> TVWAHIF— 2 U EBIME= 2
—r I, BMABRONDERLY R R E 2B TR E T Sk 2 R R A /5 b L
TWLHZERAMBALTWS (Fiorilloetal., 2003) . MM EEHICHEONLLIGE. T2bDD
B U 27 3D HAEITIE. TR — " AEEIE = 2 —m IR NG D ol OR B
FETIEF ¥ TN o 7o le) ICRKBE Z IS, 2315 b i o 7ol (AT 72 F)

TIXZEKRHBEE 2 WD &% (Oyama et al., 2010; Fiorillo 2011) ., ZOME =¥ £ 2 TERT
e, R=RIvff@tfma—n i IXy U TN RIS KREIC F— N U 2T 5
L TD,ZAFREZNLTHBEEARMOBELZME L. KOBIRTHERY A7 2ELTLED
BRONEOBMENT TCVWDLARERHDEHBZBZLNDTEA I,

BREMMLAMEREF IS TS0 b= 0&KHE

5-HTjp AR ERITERZERMBICEALES S ERHRETICEALESSETY 27
BEEIC LK O R E LD Lz, EHEOMBBY ., VA 24 BRREICBVWTE
B UNHEBBICRRIEELR O L E R LIEAIINIO TTH D,

BREHSICB T2 F—RI v RN . Xx v T - ERICE S < BRI EICK L
TEV<HEETLEZONLIOICH L, BREMBICEIT 2t h=rFFyr 70
AT ERBEBRICESSBEEREECHLTEIV@MIBEELTWD Z &N, BREARE~O
5-HT 0 X AR EAEAORRNOEZOND, BEERHICE T 20 F=210F 5-HTa
AL CRBRERMBOBELZIMGI L, ATERROEBRTHERIAZEZELTLEDRVE
IBE NPT TVLOTIERNWEA I 2, UL Y BRRERLFH KW TERr F=IFAD
L FEECHRBRICEERAEZH > TWDAREENRH D LB 2 b TE 7z (Tanaka et al,
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2009; Cools et al, 2011) , WM&k (EfMICII2E) Otn =2V XAVDETRY X7 %
DEBR BRI FETEELRATCHATIE, FLIZEBNTH Ty MZBWTHRIEY U RS
ZELTATE®ZOY A7 @EEESEMT 5 2 L RHE SN TEH DY (Long et al, 2009; Koot et
al, 2012) | AMFFEMR L -HL TS,

— G AR EE ~O S-HT A A EHFAEANL., BolcBATZBICHIPDLT U XY
BIOMEEZHAL S, DEFVHBERET O F= U IXBEORBRICHANDLT, U A7 #
FVEZHIEI D L D BTEHIRE S OMEZ I L T2 Ko icBbisd, 2 E CTRIEIRE
Boto b=, [TEOXRESLHM &M ROBEHEEDOENL~DOHITITHEEG L TWVD EE
Z b T &7 (Roberts, 2011) , AWFFERERIL, ATHEREL O 5-HT A XA KREZHET 2 LB
HLHRTOEWICH T 2EIMEPBLRODNIEFHREKBRLIZLDO THL EMRTES22b LA
RN

5-HT1a AR EAIN Y R 7 RGMHICH X 2 BT ERERTE & mMEREH cRE <R
o TWiz, B ICHERE T Y A7 B2 S0 UaleE iR & 5 < idsd
SHZ, B ICBEEMBR W TREEKE Th - 702k LAl IR E 52860 TTEIES)
RERIBPoT, HE—ORIZOWVWTIE, —RICES-HT WA ZAEMEELT DL =2 —m 3
i85y #9% (Barnes and Sharp, 1999) = & /v 5, 5-HT Ao AW EN U 2 7 8414 2 R E T
LR BEERELE N 2GS O2MBERETOBELBIHE L EMRTE 226 Livan,
Lonltr b= Ao KEBIC —fRICKESATWD &9 2 & BBRERTE b A 2R & 2
LB INDTZDZOHRITITHWLESTLEIXT TH D, Ko THELERE & AT
FREFICENT 2t b= it —n v I 2N TR R IHELZROER 5251 T
EETHLEZEZLOBZENbLARY, TRNETEREFOERr b=V VXLV ERIET 5 Fik
FHWTEr h=r o ELEERECE T HEHEZMAAETIZ, LT LHERMT—
BLEEENE LN CE b Tl -7 (Rogers et al; 2003, Murphy et al, 2009) , KIZ
MM e h= PNER LD EH - BEEZ R T EThIT., TAZNLOMETHW L RIZAT
BREN DO L) MR E L EL T L0 (T205 EOMBERAFICEEREKE 2 R
) BRERICKEIKMERTLEs T RO B LAY, ThZ bt b= @t =
2— R UNEETOIRBEZICBOTCHREISNTZHE - MERIEH 251X, Zh o3 TERED
a4 X MR E L. 2OZORFIIMBEMREBCIHFERICZRTHDLIZ LR > T
% (Ranade and Mainen, 2009; Inaba et al., 2013) . il 21X & 5 AR M IE L 0 K & 72 S i st
LR KBEZEMISE 203 L, BIOMMAIE LD /DSl b 2 VI 2345 57z
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Mofo Z LTkt U KBEE Z 8N S % (Nakamuraetal.,, 2008) , “H OO FEEITHICE R
M= EEfE = —m Vo THRESTEMEELZRFF - TV DI WREMENH L Z L EREL T
B, BRERESLER BT LR b= o&EIZAOMBRIMEYECHEK DB T ICRE SN
TWoabIFTiERvont Ly,

ARHFFERE R T T CTdH o 7o DI 5-HT o 5 25 (R BH T 41 1 A 03 55 BT RIS « i 98 AR 78 5 W
THIZEBWTH Y A BUMICERBE IR o722 L ThD, 7y PORIERTFIZIEWT
1T 60% DR == —nr & 20%D GABAEEI T fE= =2 — 1 & TE-HT A AR L 5-HTa %
RENBEB LT, ZoFLEAETINLNIEREBLL T 5 (Amargos-Bosch et al., 2004;
Santanaetal.,2004) Z & &2 B2 5L S-HT A S BEREEFEREAND BB EEL G 2 7205 7-D
50 LEZAMRPKEETH D A LE FTIELDRFFREDK 5-HT)a ZHKEEFH 7 &
vV oG EENY A7 BEEEZENSES E VW H23H 5 (Macoveanu et al., 2013)
Miwr B VL B-HT A ZBIRTZT T 5-HT o BIK, 7 R U v al ZBFER, B R
IV HL ZBFBICHIEHEZR 2T, ELLEEBEIZOBRWVHEEEICZLIZ2HDOTH D e
MHbLEZXLND,

R—=nRIvikob=rvoBRHE
WRF—=RIVRLEE h= R CIREAREG R IT TFEMRREEFEREZES L VD LV
T, LA, KL RS (MR - MoOERK — | % 15 % pg. 387, WATEE) &
EZONTEL, BEWHEZEAT I =2 -0 OREBDIIMBICMBEL, TINHEMOE
HRFHBICH O, =2 —n UIERFRNICEN T2 LT, RERERLK S, 8IS Lno
TR EERONEREZHBEL THWDEVNIOBREARNRBEZXFTH D, & ZANEBEICH KN
B ETO =NV EBHE o2 —r OB O e b= U EBE s 2 — (L
HEIND) OR—MRIEEINROND LI RD L. Zbidf 2 X @mIciES 5 A
NROMZHLIVBHDLWIEREMO — B R B KBEEOBB L RT 2 &N ahosTE T
(Schultz et al., 1986; Nakamura et al. 2008) ., & L (CHIIM & R OFEEMEE FEH T 5 L 5 el
BBV TIEH, F="IHEEIME= o — 1 X FE BN TN O A 2 E T 2 8 FEH %I
AR LIRET 2K 91220 EEOBRBICH L TIIMEERZ LSS0 s (R
ERMATZVR 720 LG a) IRE T 2 (Schultz te al., 1997) . Z OBl 132 2 0 55 5
Lt B ICEE R EHZRITEEZ26 TS, 2 LEFEIT, F—NIr0knR
PV DBRERBAONTELLYV I T o LEHEMTREMMGBEED S WIHFREBEL TWVD
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ZEERLTNVDEEAD,

ZOXEIBRWEWNOHFTIEFER—"I v b=V FBEORBREDERZIEOER
RECENT ECTEERAEHZH > TVWDIOTERONPE LTEREEZBAR TS (Cools et
al., 2011; Rogers, 2011) ., T L TCAMZETIZ., TN O OENETH 2 BREAREHIZHE W T,
F=NI@3Fy TN oTcttD ) A7 @GMICKEEZH 2, Ev b= FATEED
VA7 BRI EZEX D2 EBHLNERoT, ZOXD RIBEIKAENDRNEL D &

I, INLOMREBEEME Ity va a2k B UM T LV ELELAL T
etWnwo ks, BObATRERXITHICERI2FEMARERELEL CWVWLLEEZLND, 1
RITHZVEFT LHREMITIBELLO B TH DL LD 1EHA5 2 O R G TR L7z
RV - BWA X —CIETLOHE-MRIEH L T2, ZHITHNEREBOMFFIZE L TV
LERBbnss NEA X —OMRIEEVEREENEITRERRD, SH%ITF—RI0 -k
2= COBEEBICET TN ENOFEMREIE (REZ() & 2T ERSEE O M
BRIEBOENLEZES TWKBERH LA D,

o

BIEOER CIXBREREORIEEALITY A V@2 S, L CHTHERE SO
RIEVEIZ Y A7 B EZHINS T 006, ARBERERHITY A7 S47% 22 L ai
HIREH I T oMEELRLEx2 N, ELTE2HETIEF—IveEtr =0
SREYT A T EERE LT, BEERES - fTHRETORZTEEROMRENY X 7 BAFIC
B2 BERRT, TORMREBEREMT~D Dy HE L S-HT Ao HEBAFEREANITED
Db U AT EAMAHINSE, ATEHIRE I ~O 5-HT 4o AR EFEANIT Y R 7 @A 2
D EFTE D, ZBIRE 5-HT 14 Z B O IEMACIZ W3 30 & 3] 12 78 9 % (Barnes and Sharp,
1999; Seamans and Yang, 2004) Z &2 B, T D ORERIZBAFANC X o THEEERTES - Ai5AE
IREEF O NBAMG SN R EMRT LI L b TELHARENRD D,

LML ERERTEICE T D Dy %A IRE 5-HT o BRI EANEA OB ITE LR CITE
o TWZEND, BMICERZEMBaEEs it S s tE L b TERnEA
Y, LA, RS EVERERBIZBWTIE NIt b= 3 L ZHEZH-
TWaeEExXLND, VAZEFB LT WOl RBRICK L CTiiisinud KR—o33 v
I D, ZAREEN L CEHREMBZMHE L, SOICMEICY R7BIEERFEE>TLEDRN
oL cwsrsontb iy, ~FATEEW RBEBRICK L Critanstr b=
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VIES-HTAZ AR Z N L TR0 BEEREZME L. A CEBEZHYIESRNES U XY
BOMEEZBDIETWHWDEIONE LAV,
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N

BEMRFICEWTERZLEZIM Y ERETA A EEELL TS, HEICELTDIHD
R LTIETPHELTCDZENRHELLS, oV oboizkd s EEREITEFICHETSH
B, I VDL EGEERMERD D> TOIIEEFZHITITHFHEEZ ROBEERET 200
BHNTHLIN, TNIEH T THMAWMAETHY 1R 1IBOBROR LELEZKIET D
bOTIERY, ZORORERITIE, BAITHHFOAL L VT AEMFHNERICRESESL S
NoH, KFREOF ¥ 7 VREICENTS, Ty NIV AT B H BRI E U X7 R0z
REOBBEREMTHIIC L2 LT Y X7 @M EZRT LV | HENARAHEMEICK
THRIREIT o2, MO X DAl ZR L2 OB % B 2 572 ZBRARIL A
HODLTTERVDE, BELLERMBE PO T v MIEAKGIR TIZE N E AR E TITE) 3R
BIZEATWEETZD, E0ZL< BT LY BIAKRRELND FTRIEICH LY 2725 L
DALY, bHbAMNI A7 2F SR TH IR TEDRMETHIMAEOND HAE I
VA7 BT 7259 L, ZERAMETE Y A7 P2 0BRREORMEGEZZEZX D L ER
RLEB L, LALAZRRATREDLARBESCEMBEICHZINTVWIFBHBTHY . £
L7eTF v VAL OIC Y A7 EETHERICHEONDZLDFNRLZVDOTIERWES D
e EHOLIEREBEZLE, BABRBRBTICELS W REROFMEIX, L TEFIEZEN L
TR R R TIE R BONTMRITEMARDO BRLRFEMEEZ R L THDID0nE LLRW,

EIEHEVWZEYVBRBVHRMEUER T ONDIAREEDRHI21PDEVSTI R EZETZLOAD
Mz WEFT 2 LI TERy, BEC)VAZ7E2FEET 0o EHE2IET., EEROIX
NI UATHY, WA ELLEZRBEXREIDNIRMZ TTREOREZEE T, EHITIFHRMELE
BECTEZOHMBICHZMEER T D, BRDTRITERVWEWD U X7 205 MEICXT 5
BERPETHONICHERDN THICEIMECHT2ERRELTIERLZ e A ThRIND,
B ZAXAMFZE O 5 RN T AT, B BB AT A B AR 5 B O NG AR IR R v T VR IC B T
LVA7BIGMHICEEBELYE XD — T, RNEAMERNBEICBT 28R RECITIZEL LR
oo, RFAHEFRRECIIXF Yy 7 VBRELFEK, M EOCZELLBRMAGOND F
TP HRFRIICE L TEB RS EL2MECTH 2D, “BEEXZVWDRREEEIND” HDH W
I M E DR VR T IIFICADL” ol ZHEEKMMmEZF 200/ REAKITT
HrTRe e BRI T 2 EERELZERL TV, 2O X ) RERICIET, PR ELEBEKRE
AES & ATEAR B B I LA TR WIEA D, AV E CHTEHMR & B 1 3AhfE - PIWricE< S5 LT
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WHEBZ LN TEEN, EIIAHERETOMEZIT > TH BB EREREICITREN
H722 v Z &3 65 T (Schoenbaum et al., 2011) , do L A WEES2E & o 7= il & fE 3
DERERZET 2 X0 RAMEELEI HEH COBEBEENLE L HE SN TWD (Butter,
1969; Jones and Mishkin, 1972;Walton et al., 2010; reviewed in Clark et al., 2003) . Affi fi& 1 b7 <°
EEREZ, MLEELLCAEMT 26T 2% 2820 N Fo D Ty, Bl
EFBICESATEHRIUL L W EKRAMERIC L > TSNSy hT—7 THEBLTZ
HEZEZDDONEYTIERWEAS ), 20O LT, FEFRFMBEREECEKLE, £ L CHIE
AT OFEB OB ENEAMT O2REICH T L2RFRNZEMELEBTL20ICHFLELTELDOT
T BEx D, FEFEEEZEIRLTTIH, LT LHEFOHHFEO LS RGEVIEL D
R - FHICESSEERENDERT D LEIEIRO RV, AFEBRFOH TIEREE L THEIEH
2 RO ATEEICHE T 2D H VB S s L HEZG WD T2 N, MRELTRESHDF
B BREBER IV BWHREZESR, GVEIGEZ LT, £ LEERRELZEIRT MO
AH=ANE LT, BEERBIZTED BVEMAE LN 5 REM O BRICK L ToaWigmE
AR — G ATHEIRE I Z oA O O FFALIZ W T E W R M Z FE o &9 BRIk s 2R
SNTWVDDTIERWIEAS D D,
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o

ARHFFEDERIZHT=Y  HELARWITHRE - TR ZTHE £ L RAE R R B A 6 F
WFFERE G AL P 3 B S BRBRICERWVWEH OB EZR L E T, FLEROFE) S5
HECEDLETHICZRRIHEE - ZHWE2 TSWELER AR —EHRR - R KE
HEHWB A, O TITA A AKRS: Tobler HRIZ.L XV EHHE L LF £, £ L CTIHFETER
FED TS NTEEBEH R - WEERKKEZZI O, 2L O AETEE E L7 M RO
EOHEHRIZ LI BILH L LT ET,
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R TTE LWL B D, B2 Caraco H N A A A D —FETH D junco heymalis & v TAT
- 7= #F%¢ (Caraco, 1981) T BRMICE > TY 22716+ 23 m A ZEls 52 &R
mENTE, [RIMENZ 19CICL TEREZIT-EHEG. AXA XY A7 EEEREZ R LT, &2
AWRMWMEMNE ICIC L TEREZT LGS, AXAFHICY A7 BEEEZRT LTk
oo ¥¥ T NVREORBRIZY = =N —DEROBZRKM SN TWDL ET D E, U RATITH
THFHMOYEEITEC R WNITT TH D, Z DB LIS T Stephens IX energy budget (=% /L
F—INIDIC K > TEVPERIEAIIZ U R 712k 25Ffli 2 & 2 % & W 5 Energy budget rule (=
KX —INSCH]) A #EPE L7z (Stephens, 1981) , = /L ¥ —IX3ZHI T Caraco(1981) D #ff 4t
BlEUTOEIIICHHAL TS, JURFHENKRLS 2213 E, AXATERBERS DLV
KOZXNF—ZHETL2O0T, AFICLEREOENL 8D, KBEER 1COHE.
YA DR VERBEICE > THELNLIBEMOBETIIAXIRATEE TS DIIA+4TH
D TZTAARARAFAEFT OO BEREZB/LIZILENTELARERHD Y AT Zff 9 %
RIFLEZBRIRT DL 1ChhoTc, — . [RIBREN 19COEE. U A7 2D RV ERIREIC X

THONIBMEBEIEFIC TS REROT, VA7 28w, VRAZEBEEZRLEZE WD
by TdH 5 (Bateson, 2002) ., AEREFETIL, T O F X —IUKHI & K & U C &l B 6 2 3

MNIE LT3 (Mcnamara and Houston, 1992) .
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MR3 TAFTIXY U TNRBLI T ) vV T LVRE

ATEAIRE B X 2 04 0@ Y | RE IR - 72 W EE I, A B3 O §if 7 0 WK (2 AL 3 2 58 5
THh 5 (X 3A) , Bechara (1994) 51X 7 A AUV X v v 7 AEZH W T Z OREBEE (%
SLATHEATEEANM) oBEGICLY ., TRIBMRFRICEZEDWESMNZALB LA LEDN
HZ & HNMOTEBRIMICR LI,

TAFTFX ¥ T VREIL, TELRETEZL0EOBEELHEL T4 200 — FoLn
LI T O —FE2RERIPETHL (MK 2A) . I— FOERIZITEHRTELLH D WVITXL
HhoREEENLNEINLTVD, 420D B 22 (A B) ENAVAINALYEZ—0Th
D, BRETELEENPREVBPEIBELREL, ITNHEZRVRHT THLREANIZITHEZT D
EolcmoTns, —Ho2-o50 (C,D) Fr—JRA7r—JX—Thbh, BETE
LHEHMM/NIVRRIBEL/NSL, REOICEFHFELETLEOCR>T0D, T LA —ILif
B BRMERS (BK) @B LUK oRITHzm b Sy, EROFERTE, 2000 F
ABHEDIZE LA TN, TNELTFIC TIED] LEDLNDEETH—NORREZBED KL,
TELRTZL DR EZBET LB RESNEZ, AL BIIIZLDHELLH 100 FAE B
DH— RBEFET D08, ZDO% A TIXHEIC 150 ° 300 K& BN, B TILKH
JEC 1250 RADEEBHS, = HF CEDIXIELHELLEH 50 RABFLND I — RS
LN, EDH% CTIXHABEICS0R 75 FAbno oA, D TITAKMHAE T 250 RLVo#HK
DD, BERTLAY—DEZLIT—H8Y 4 DO bFNEFR I — FEEIRLZ%. 100
RAB/FOLNL ARBZEIRL, ARB TRELRBEENEKEODLE, CRDNDHLI— %
BELOBRZGIVEZAL, LZAPAMBEREGET 2 S0ATHAMMTENUBZHBE LZEEDS
TARB TRERBEENPHTH CRDICUIVEZT, ARLB ZEWNHT D Z R L7,
BRIEHECHILOWHFEIZIMLINTELT, EBET LAY —b 2025 H LEMRICHERE
LTV oslzl b, ZTOREOERITI T LA Y—0, VAZICRTEZHEICESH
TEMA RGO THIZXKBL TS b0 EEX LR D, DF Y FIHIRES % & T a5 a0
FEAMESOBREIZ LY, BEHIBARFIRICEZEDNEN R LB LI L H DA
HTEZERILTWD,

LINLZIDTAF XY 7 AVBRETIEIFERBUCETER (EollicEo X sl —
RBRENASTHEWVWEENTWVED) BT LAY —IZHLIN TR Tz7o, RTSEIR
GREN R LY A7 @GR, BEREREOEFICLLI2b0R 00, FEHEE, 72bbU
—X U ITAEY) —RUWEPFEOBEFCLDbDORONNNEEI LT WMo, 22T
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POINTS: 100

o +100 +100 +30 +30
g ., *o0 +100 +50 +50
gL -150 +100 -50 +50
c g 100 +100 +350 +50
2 = 300 +100 75 250
SG +l00  +100 +50 +50
[ 250 1250 25 +50
a. +100 +100 +50 +50

W2 TAFTFYTIVERREA) &7 T ) wIF v T )UERRE (B)

Bechara (1998) & i Ail 58 il B 15 PN o0 4865 /B 5 & AiT 5E AT B 75 AMAER o S B E & kPRI
AF T Xy T VREICMABESOSHREICS T Dzt L, V—F 7 2% —EH
FEEL L THMIMBEEICL T, BREREEE T L L TERNMBEEICETEAER
BEBEIEMIZLTELDLDZEEZRLE (ALEOHK, AU N Y X7 205 B EREICH
HLTWbZ EarTHlHEHESIN TS (Knoch et al., 2006; Fecteau et al., 2007) )
— )5, Rogers (1999) 5 X FHOERZHER L= 77U v VX v 7V E%Z H W (Rogers
et al., 1999a; Rogers et al., 1999b) . PET # W= MEERE A A — 2 v V7 O FEBRZIT > 7= (M
2B) . ZOREANRIIUTOWMY THDH, a2 Ea—FEEEIZ6 DOMBHK - HT
DETRINTEBD, 6 2DFHOHN1IDIZHY"REIATWD, LA v—ldREatHFa
DEOELLOHFIZE DN H L0 ERIRT L8, ZOBERKICERLENOBIZX LIET 2T
NITRDBRVWRA L FBRRRESNTVD, BTENFEZORA U b E2FLIENTE LR, 4
NIERD ZLichd, MOBDITOHEE5:1-4:2-3:3D35%KM, MITLKA 2 M
10 vs. 90 - 20 vs. 80 - 30 vs. 70 - 40 vs. 60 - 50 vs. 50 O 5 A H VLT, LA T —
CLHIZI0 KA F 5260, TELRETEZLORAS  NVEGEZBR T LRz, 17
BT — 4L LCRREL T2, BRCELERM (BEREOHE : T2 H#E L FAR
ADHTENTED) PHEI NI, bl &iE & 05 TR G I 72 R T IN T & o 8N kR %
BRFEIRIC W TBEI NN, HOMHICER LD, BERREOHE L BE L ZIEH)
TRFICATEAIR B CRFM ICBIR S ok L, BB AT AT R b 2o 2 1
ThbH, ZOFEFITATER O Bechara (1998)H D E & —FH L T\ 5,
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* VR DERBIIAHEEEON, MALENATOLVOMETCHIVBELINNEMTHLL D%
I, 744U X v 7 ABEITHMEICITY) A7 TERSEAEZT->TWVWD EEZXH
nH, LUV LI—RFZEBRL TS HFT, FlLHoE (FARI—FRERSDNVE
EFNTWVDLN) BPHLNLER s T DTEORBEEEDEG N THRAIZELLL TN, —FH 7
YTV Ry U ABRETEEOANGESN, BROPH LARMEREPR LI ETY
LAY —IZBRRZTHOETND, W, EEOTHERT VA TldtyraroFioll®
BB 2T, SRNEOEROPH LAEBEEL T v MZFEHIETWD,
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WE4 BRE
BREII RN E D LEBRTHY (T > b CIEMEED & b Al R AKIE 127 > TALE
b TIEEMEOBEICHE STV D 720D RIS E S S (X 3A) . B SRR & B2 Bk
BT AHEBTHY., E PTHLMEBTEANO LD & 2HBEREFE L TWDH I ERBDN5D,

. ASIE L
BRI MR R g iE oE I X 0 RS RS, BER R R E . BRSO
KBS 5 (Mesulam and Mufson, 1982; #fi[X] 3BC) , #oilk L 7= NE (2 35 {1 2> & & 1] 5 )

A, ZDNEDE EFHRICWEBM T RICHES AR > TS, BLEAEAREREOH
THOLEEGEIWRMGM TR >TEBY, VA0 bR ERERMIC/R DT EEE
P - RERSENEDDF AN, — FEENICIT IO MR PR AR TIER,
R G IR, (h) | BEE T oD EbEV, ZOHEG ORI TIEA
WS, EIR & OFEABROENIZE SN TRENICH T LN TWD, Fl X (ZHHBITIT0R
W R IR IS ) BIRWEHIRFEET D2 2RO TWDS R, £ Lo HEK
WEBEMR T 2 RS W A LB 3 DAK - R B B & & % 17 Ty % (Shiand Cassell, 1998)

HMICITEREICZEERTCTORBEOREANR DY, BHTIEENENAR 2 =F X VTG

AIERREEE
RRIBTEERTE

Sy b G

BRBRE

M3 BREOME (A B) & RENERE
MREAERENEFH (C) ‘ Y B

Ty AIVREZ i L IARREIRA
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WA I THWD A, AW IEEYALTFEX L REFERRBIC > T EIhTnd,
COXEICEHREHRBBEREROANNEL L 720 TWD O L, B #E6 It o B8 fE %0 K
MIEEE~OMH N E LTHEREL TV EEX6NTWS, BRI Z 5 2 5T
WA TR R ERTIL AT ICE b 2 &b %< (Uylings etal., 2003) |, #5112
ATEAATEF I ER SN DFMEED —>TH LK MDENOBH 22T TWD (MK 4D) .

AIERARE EF EKRE

A

R MD 1%

R

A\ o N

#WE4. TiAO0d—)b FERVETENL—2 2T

WITHEZE L —Y—TH37)bA00—)V F (FG) # ERERIE L FIEERETFICENZNEA L EDEHH S
BREAEZITTVWEHDHEN e, CEIZHERES (A) \D FGEARERDIER. D, FIIERERTER (B) \ND FGEAR
BROERTH B, WITNEHIRR MD ICIERARAENRSN2E0D, 5iE TEMIIC. BETIEARBICO D
RO TWABZEDHRTES, FOHOSIERMAEADBEREFIEPBISGEVMRE Z X > TS EHDD S,

HE DA RZ—Fy Ml 2509 ZRBWM ., FGIEAILH > TOREM A EISAEKIBRERE F— T b, TIEA
FEIZE REBRERDIZNEIZLR L LD KD, FIERES (AP:4.2 mm, ML: +2.2mm, DV:-3.7). BE&E (AP:3.0
mm, ML: +4.4mm, DV:-4.3) & L1z, FAIIEASRE (B 1mm) Z75—T5|\WThmaii< LizbDaAL,
RUIFLYFa—THENLTIUINZIIWE V) I EEGEL, RIEHBNS 70 vEFTELE, FGIZFATR
BEREHDSHRBEIZIFIRUL. FARRY THEAL 100n! Z3EE 50nl/min TEA LTz, FABIREIES76 3049
#iE Ll 1 BRREREEZTUVMZREE. 50um A ICTHREBER L

E
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BEE : BRE L FEITH

IR LRSS & b Bk ABMR 2 F B (Delatour and Witter, 2002; Reynolds and Zahm,
2005; X 4F) | FRICERERTEIEBITENCE 515 £ B 2 LTV D K NS 5
DAJ) %% FTWb (Shiand Cassell, 1998) Z &b, BEEEROMK ST TR 2 2T
HiFHREZHMTI2BBRBICENTOEERFEEHZRLLT LB 6N TS (Craig, 2003) , %
Br. @i miE e £ O BRI R U, S BUE R ER TR O I THGR BE IS AR B L 72 IRTE B 23
5 B RS CUT EBLA 2 3 IS A B L 72 IR TE (k2S5 41 5 (Craig et al., 2000; Kong et al.,
2006) ., SHICHBEEIFIBEMBICH T I2HEHRBEOEEIZT TR BRLFEHERR L
BT L2ZETTHHREHLON - TEHZI SR IIHREGHS TRENERH I TS
(Craig, 2009) . #l A IXMWAPIC LY HEEEZBG LBRES CIIHEG®R Y Naicdd 5%
FIER AL T4 5 (Naguietal., 2007) ., £7-7 > 7 =% 2 & AW TEFT O R %2 &M+
27y PZBWTEKEEZ REMELT D &0 KMOEMT B85 HT~OMER MRS
(Contreras et al., 2007) ., ZH B THEZEOHAERNEIZ LY THARREFE R 24 C 72 <
RoTlOITEIOEBEPNB RN EMRT LR TE D, —HFEQIEHRFZWMIE TIL,
WM~ SE0 PHHRRBFEORKICEZRIAT 22— n VOFENRESNLTVD

(Asahi et al., 2006; Misuhiki et al., 2012) .
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iR 5 FERAGEBEICHETLIMHE

R 5-1. TEHRERHOER

VRPN LBRNKICB T D2MEFMEEZEB SEL20TIERLS, VARV ERRKIZE
FOMMSMEELE S TRREOLIEZWELZRIZDONT
WEDOMEDL 1T, VAZRHDBIRFICE T DMERFM 2 EEH S E@IREKO B Z G
LT\, HHEZEBZNICM > TTIMERZIT o721, MUMEZHFETH-oTHEY ¥
G VBICRESEBRENRRLRY, FRVBFFCALECKR D2 EVIMEICEHE L, ZhiX
ERFEZREFETLIDICEZL ORITEERDILERND Y | HERMNE b DRE & VKU
THET LI EEFHIERR LT EEXLND (BITHETEF T AEEHST Z
ETHROANAZYRIHISL T EEbhd) . ZHbZbRBAE L THEFEREL T
e, EY - PHRICIEEERFERRESEHLTLE) LW MERFELET D, Bz
X2 E 6N D MEFRD 125% TIX 8ENZ 1R L M2 EAL WD, k%D 1 [\ TH
A LS AICITEBIT 7T RIBEETIE OBICARS>TLEY, ZOLHIRMEEZSTZD
TIERITEEHST LRV R, VAP EREZZRBREEDL &, 4 EIT MM RN
TR U AA—DONEICKH T HEHEDL D VIEEERS 2O TLEI, WV TU A7 Mk
WEERKZ RS E2EHBHELT L. ZH06FBRIEMAG N7 T v P E L T
WEWVWHEEZRIT LA AN LIBEHEZ) OWMEZHOTZETHIELE I 5 &,
BRGSO S EoMETH vk E (100ms LU FOBM) TIXEMKELHETCE R
o, Ko TABMATIE., VAZ PRV ERNEZREL., MR ELs LTS CRREOLE
fbxEREST D LT L,

Ty I T EROR NS T RIZ DN T

Tuy TP A L F 1 o0y va v EEBEOT ey 7IZEILT, T ey VT BICHE
REFZEBHIETWSHETHD, ALty va v NTEREZLKRTE D L0 ) FLER
HO ., FHICEHEER CIEANBEERBROBKICRY N0 AHTHD, — T, HEHRH
THMEFZLBSEL L HOTr y 7 OFRFICHBELZZIRLTRDILEVIRALH D,
BlIZIX, ZLOOTry 7 THE2N— {41 100%} vs. /£ L 3— {21 100%) Z 36k L.
WO7T vy 7 THULN— {4fHH L<IL 0 50%) vs. £ L /3— {24 100%) R L7-8
BV1IOHDOT ey 7 0REEX T TC2Oo0BO T ny 7 TRAVA—ZERT 2EER&ED
22N bd, EMAERP®LLIRBETIEIZIOMENRELCTNDLNE I NE Ry
F2ZEMNARREN, BHERICESSEBRELZFMT S L5 RiE TITHB R A2 720, 7
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By TSI, By g R CTHRBICH T AR E R ENRESET TS L
IMRGHEIITMBE T T ey JHMICEEOENELTCLESMEN D, 71y 7 RNiERIC
ONFUHENEB L, TOWEFFEELTOLEND LD, BFOT vy 7 ZEEEOAMN
MREL, FEHOHENZORICEETLLE, AMRATEZLARBANARBEL LV ED, U

FOENSERETII T ey 2T AL BN o,

R 5-2. TEEBREBORI (FFM. MK 5)

p 40cm L
N |4
V'
:
25
cm
60 +
cm
[
ElE|E||t|E]|E
Bl Lk i E|R
el VAN | VAN sl |as
o A
cm
\Em 3[910 :aaﬂ
N
o\ #E N—
- = 0 = —_—
. 32325 32 29
M 8 & 5 S8 ©O
/ = € c
hIE=E: - 1‘
/O crad
O/ = XK=V B (8% 35cm) PCI-7248 (ADLINK Technology)
@)/ ZJU (186 atetE AT LTHER ) PC
2L\ QURONK SR KL TR e OS I Windows 2000, XP, 7 % f&F

@& LED NN
N L RTZKME

G)EREF (UsB2-M5-2. CKD a—HKL—¥3>)

B)FMN4R1t7 >t — (E3X-DAN /1) —Z, OMRON)

DR E—— MMm-sPL2, #7751, PCICESEEE)

®24V EE:}}?
(945 7 77/ (CFX-90s DC12V 0.09A, ADDA)
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R 53 fTEREOIROFEME LR
LAN—LY) —AR—=27 R ERWZREELZT v M T 22 LI3EFICHE TH
ST, XVEHMTHEEIELWEAITIET—REICHE N2 E2FH L TITE R E 25k <
L, BEIOBRIZMARICLAA—ZEOHEREZ LT T2 0o, —ELA—MWLERZD
EL R mBEETCHEBRE L TREREILAA—Z2MLETLIRIICRDIND, ATV A=K %
HLBTDEIROTSICKRDOAT v LT, AoV A= LOZEBEICIHT D
EL LI RAMEMT RO T 2D KEL BICHBEET L2 ER”H D, LED 2 /Wi
FHIRROPHTITETE Yy a v BICELLNPDODULAN—DAEZRHREL, TRIZLY EALIC

i

LR=—NHDIEHEEIEE, TNETNOL =T 5 LEENAIBICZR D F Tl
T5 (EUOIEFBKECHALZVEZH LTI 03Hb) . ZOEETIZI1Io>DE®
via e L TRICKHHROHRITEZED TWihhrolc, 2R TH o720 [ 500 1T TH - 12
D, Zy EBRLRBRDETTho, MHREELZRTLLEIVERDNRD, KIF5E

F1KHE 12Oy a b L 2-3KHZEITT—HIZ2-3E{To7c, RORAT v 7 TiX
MLty a WNTIORITHOELAD L ANA—2RAICHSET, AL =23 DI 10 FIL
DLEEOWRIZEZMTOICI0EKEIT LR, T oL Enolc, BOBRETETLLOIZ
Roltb, TORDAT v T ELTTUVHALIILAA—ZRELTCIET S, BiOoOAT v 7L
ik, BERTEARELMEATLSAEIHOHEZAZLVAA—ZMT LB ELL, TLOHOD
NIZELON/ERTOLVAA—DIEERERNmL . &FRGIE50%% Tl -7z, L v &
2 EIRTIBLICWEICKBEITZM EL, BLE 10 By v a VERECEZRIL 90%% LA
X9 o, V- AR—=ZF Ty FRBRIZTOITHTHLED, T <ICFEET L, 2
tyvarBETEELE, BEMLLLIHEAICIE AR -7 RICKEEHES L THER
whl< & X,

ITEEOIM CROME L R oo R, 7y MEILELGEL LD L AN—ITxF L4aF &2
MoTLED ZEMFEHITEZNWILTHD, FFL LT, FIONITHMEMHFICTES DS D556
THMEBSOHFAPBRINTLEIZLERH D, ZOMEIXINH OB S, i
BETHEEZLDLDRINETROLRY, TOXIRMEF LT v F2HWD & REEMGED
BENEETHL LD G E, BT {4 b L<IT 00 50%)F vs. {21 100%} DR T
T, MBSO BELNCHELTL S, ZOMEELENCHCT 203 WMEE (Bd 2

FEBIER ) 2R S 2 AT OBRM TH DL, ZORMERF> TWDHEG. {41 100%)
vs. {21 100%} Z BRI ELRF, HHDO LV AN—(EIZATHIED S TONTRFEEFR L
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NI EICE DY TCONTEHTITBBIRKRICRERENELTL D, BEEFEYy Y3 U HICH
&2 EHATANBID D —NTG UV RABERDODRETHDIN, 2O XH>@Em»BD LT
LROLNEHAIE, HEFRUAA—EICEVEMEGEZ2E 0 Y Ty va v adf LT

WIRLEGA LW, ZOME~ORFIEHEND LEMICbILoTELDODLND Z LTS,

RS54 HAFRI=ma—VElEARI==2—LVOEREE

A RD=a—LVElEFE ARz —VITER#ZM T LTCAELLE, RFETIETA KD
=2 — 21X 23G (F v B, S 0.6mm) &, EAHT =2 — {21 30G (7 /vE 8
S 0.3mm, WEH) ZRA Lz, 7 v Fe =2 248k #HES 8 336G (4R 0.26mm,
HLAREFTTVEMB 300G EFL) ZHH5DT, 2HLLEFEAMAI==2—LVELTHW, &
A RI=a2—1I225G (U 05mm) ZHWD L XVMEBE~DOFX A —IUBN/NSILTEDLEH
Do A RI=a—VIFEHRHHORBEBELERREIS yu—2—CUY KL L., UKL &
IS LAY ZHVBR L CER L, RERRES LT NEND BRMAAE TORME
B —1mm) + (BEHZEN DA AWy, A—N—RU R Fo 2Lty N CHECEST
HEZICRD, ) Thd, AR =2 —VIEERNICTEREZZOEEHHAT L., %
S DS E X FEEIZRD X OIWCHI s THWE E72 A R =2 — LIZHA LRI Imm 7217
MOHT KO A RNy R=, R ER T, APy "—IZF A Fh=a2—LV ERUTE
DEHFZH . SmmBECOW LZbDICEAR I =2 —LVEBLTT R T VT 7 TH
HLZ, ARy RX—0immiEde b A R =a— VBT HmiEL T OWm 4 I
SEEICHE LAY 8o T,

AR =a2a—LbZERDRALFIROBRIZIE, A FI=a—LBLonb LITEL280%E
WEt (223G A WIZHAIL20GIZL X5 EiXE D) ZMFICLTES 20T EHAEEN
TNV T holc, TART=a—LUR Lo LHEFICEEINLTVWRIE, TOFEF LI
5l & T IR F R 134 T

FEARI =2 —VLENIN MY D ELERERTLIEDOR) ZF L TFa—TDONRE
FEART =2 —VOARLID EO0/NEINEOZHWD EEEENE L, EEADRRICE
AP LORBAN 2L Role, SEITEBREFMUAY) =F L F2—7 SPI0 W&
0.28mm 4} 4% 0.61mm % V7= (33G (21X SP8 4% 0.20mm 4% 0.50mm # A\ % & L)
RVZF LU Fa—TENIN v rPOEREIT, BORRDLTF 2—7 THWE, ##
I OEEEIIALRHLLGEICIE, Y a vyl THEBERES TR LWVWEA S,
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R 5-5. EAEAFE

FREANZHTZ>TEBEZ L1007 v NELRHRREZROLEND LD FEND
N RY T EBHBICATWIEL L2, S HICEAMERBRT L0105y v g o TIHFANICA
HLIZEMAFEORLUMREABRIELZIT- T, FEZOLDOICHRICIE/LLEZ, 20 bE2RE5
EARFOEFMEAFIZHEN T =2 —LBANTLESTZY EABREFAEKIZTI EFEI VST
By MR a vyl EaZ T CERBYICTHREZZIT LR 210 T2 03H 5, KA
HEAEZT7 vy NEEREFEORBO L CRFHFICIHETLRETITo, BLE{LESNTE T v MEIK¥
FRALLSFHELTEY, BicE-7c & LTHREREBIZIEIARAVWEDFTRILIHIIELT
RCNEEENDZ T ol HLEHEVWEZIIULO D LRIESCHEKZME > THETEZSIE O
T, HEARI=2a—VEBIRTa—T2RETDLLLDNNAF—2E LI,

FEREANTIEIIE DIEALUSNARE LR CIEELZITo/, HULEAMAT =2 — VITBREEA
Mobozfvnwie (REHIFEL)  (FREIFLULTO®@Y Thod, 97 v FaEo L TEHIC
SEHBOF ¥y v 7Z2MO ROV ICAA P —22EE FEEROFXI -T2 — L E5 &K
ROVICELEARI =2 —VEHFEAT DI, 20MEARRN 72800, 1 0MZOE £
BT5, ZOMICFI—H=a—VLEZH ) — VEBMAKEE-> THWKIREREZTRS, £
DHBLEAAAT =2 —LEFIEHE, FOFI—T=a—LEHATI, REEAHD =
2a—LVOFAb TS ) — L EBMiAKER > THOWAKRERER -2 BT, b ) FEkicHt
LTHREIULEXEZIT), AFETHEHLTEAOREHZIZ, EAHI =2 — L OSSN
HTLK D2 L2MET D, EAZ, EAAI==2—LVOEmBPFEE-STEBYERELHTI X2
WZenbhol, MNUAY—TEHEVERELLGR, BEPMHEZHDODLDOT, TH5L
T —ATIEMANICEFPRFEATE o BZXONDE, BEOLLK A RI=a— VDR
ICEERELZm2 DY AR =2 —VHARIZZEAZ D> T TLEWELRIZEE - -
DEHY, TZTHI—N=a—LEFEH VLR, ERHUEAHI=2—1LETA FF
a—TWZHHALTA RFa—TRNOHENERE L,

R FENMLAETT L LA E— L& AWV TiThh Edeline H O % (Edeline et al.,
2002) RELHEORBEOROYME MWV ER (¥ 1-4) 25, HFH 100nl Z 50nl/min+1 5 [#
DHETHEATLHEBLZER IMMEEOHHCIB T2 EE2OND, ZOEAREITH
MBI Z D N—FT DI+ NRETHIEEZOND, F 28 TIE F— 3 U ZEIRILEH
OHATHRE T ~ORPTEATY XA 7 BIUHEICREZ LTI R o7, THITATHEIR &I
R=RI =2 —n OEFNFZEALERONRNE W HFRMA L —B L Tn
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LEEZ, LrLBEOEKOTHER LB TE F =" U ZFEEERORF
FTEANTZ v NATHEIRE T OMEICKELZ 2TV RN HRE I TV (Calaminus
and Hauber, 2008; St Onge et al, 2011; Winter et al, 2009; Winstanley et al, 2010) , & Z A1 Z
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Inactivating Anterior Insular Cortex Reduces Risk Taking

Hironori Ishii,' Shinya Ohara,' Philippe N. Tobler,> Ken-Ichiro Tsutsui,' and Toshio Iijima’
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We often have to make risky decisions between alternatives with outcomes that can be better or worse than the outcomes of safer
alternatives. Although previous studies have implicated various brain regions in risky decision making, it remains unknown which
regions are crucial for balancing whether to take a risk or play it safe. Here, we focused on the anterior insular cortex (AIC), the causal
involvement of which in risky decision making is still unclear, although human imaging studies have reported AIC activation in various
gambling tasks. We investigated the effects of temporarily inactivating the AIC on rats’ risk preference in two types of gambling tasks, one
in which risk arose in reward amount and one in which it arose in reward delay. As a control within the same subjects, we inactivated the
adjacent orbitofrontal cortex (OFC), which is well known to affect risk preference. In both gambling tasks, AIC inactivation decreased risk
preference whereas OFC inactivation increased it. In risk-free control situations, AIC and OFC inactivations did not affect decision
making. These results suggest that the AIC is causally involved in risky decision making and promotes risk taking. The AIC and OFC may

be crucial for the opposing motives of whether to take a risk or avoid it.

Introduction

The choice of taking a risk for a higher gain or playing it safe and
thereby avoiding a loss is an important one. Risk taking can lead
to ruin but may also prove advantageous by facilitating explora-
tion. The point is their balance. Many behavioral studies have
investigated decision making under risk in humans (Tversky and
Kahneman, 1981) and animals (for review, see Kacelnik and
Bateson, 1996; Weber et al., 2004) and have shown that decisions
made by a wide variety of species are sensitive to the balance of
risky and sure outcomes.

Recent studies have elucidated the neural basis underlying
decision making under risk (for review, see Doya, 2008; Rush-
worth et al., 2011; Schultz, 2011). A key region is the anterior
insular cortex (AIC). In human neuroimaging studies, the AIC
was activated during decision making under risk in various gam-
bling tasks (Paulus et al., 2003; Kuhnen and Knutson, 2005;
Preuschoff et al., 2008; Xue et al., 2010). For example, insular
activation was stronger when participants chose risky alternatives
versus sure alternatives (Paulus et al., 2003). AIC activity was
correlated with risk prediction and risk prediction error
(Preuschoffetal., 2008), and reflected higher forms of risk (Burke
and Tobler, 2011). However, whether AIC causally contributes to
decision making under risk is largely unknown.
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The primary purpose of this study was to test for a causal
involvement of the AIC in decision making under risk by using
reversible pharmacological lesions. We investigated the effect of
temporarily inactivating rat AIC on risk preference in two differ-
ent gambling tasks, one with risky reward amounts, the other
with risky reward delays. We aimed to establish the generality of
the inactivation effects on risk preference beyond a single task.
We also used a control task to dissociate the main findings from
effects on other properties of reward, such as reward delay and
magnitude.

We contrasted AIC inactivations with inactivations of the or-
bitofrontal cortex (OFC) within the same subjects. Patients with
damage to the ventromedial prefrontal area including the OFC
make abnormal risky decisions in the Iowa Gambling task
(Becharaetal., 1994). In human neuroimaging, the OFC activates
in various gambling tasks (Rogers et al., 1999b; Ernst et al., 2002;
Fukui et al., 2005; Tobler et al., 2007; Li et al., 2010). In rats,
OFC-lesions increased preference for risk (Pais-Vieira et al.,
2007). Based on these studies, the OFC has been thought to play
a crucial role for optimal decision making under risk. Our second
purpose was to test the generality of this role in two distinct risk
tasks, one in which risk arises in reward amount and one in which
it arises in reward delay. Third, we aimed to clarify the functional
differences between adjacent AIC and OFC in risky decision mak-
ing by using the same experimental procedure and subjects. Such
awithin-subject design with reversible inactivations and washout
periods allowed us to tightly control for individual behavioral
differences and minimize compensatory effects resulting from
lesions.

Materials and Methods

Animals. Twenty-four male Wistar rats weighing 200-320 g were used
for the experiments. Rats were individually housed under 12 h light/dark
cycles with light onset at 8:00 P.M. Training and testing took place during
the dark phase. Rats were given ad libitum access to food for the duration
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Task design. A, Experimental apparatus. B, Sequence of events in a trial of the amount gambling task (top) and delay gambling task (bottom). The rats were required to nose-poke to

initiate a trial, and then to press a lever. Water was given as reward. Both tasks required the rats to choose between a risky option and a sure option. €, Session structure. In the first 40 forced trials,
the rats learned the relationship between the lever positions and the outcomes. In the following 100 free choice trials, the rats were free to choose between the two options.

of the experiments but limited access to drinking water because water was
used as reward for the experiment. To prevent weight loss, rats were given
additional water after the daily experiment finished. Their body weights
were monitored daily. Throughout the experiments, animals were
treated in accordance with the National Institutes of Health Guide for the
Care and Use of Laboratory Animals and Tohoku University Guidelines for
Animal Care and Use.

Overall structure of the experiment. We investigated the effects of AIC
and OFC inactivation on rats’ decision making in two types of gambling
tasks (the amount and delay gambling task) and intertemporal choice
task (as a control). The basic task for the rat was to get water by choosing
one of two levers that were associated with different outcomes. The rats
learned the basic rules of the tasks in training 1, and were trained to
discriminate the difference in reward amount or delay in training 2 (for
details, see below). Then, we investigated behavioral performances with-
out drug injections in both gambling tasks and in the intertemporal
choice task. Finally, we implanted guide cannulae for drug injections
and, after a recovery period, conducted pharmacological tests in those
same tasks.

Apparatus. Experiments were conducted in dimly lit sound-attenuated
boxes (60 X 45 X 35 cm). On one wall of the box, a nose-poke hole was
located in the center and two levers on each side of the hole. Nose-poke
responses were detected by a horizontal infrared beam (OMRON).
White LEDs were positioned above each lever. A nozzle delivering water
was on the opposite wall. Auditory stimuli were generated by a speaker
located in the ceiling. Each device was connected to a computer via a
Digital I/O card (PCI-7248; ADLINK Technology) and controlled by an
in-house software program (based on C+ +). The boxes were equipped
with a fan for ventilation and masking noise. For details of apparatus
settings, see Figure 1A.

Training 1: Nose-poke and lever press. Training 1 consisted of three
steps. First, rats were trained to press either lever to get water. An audi-
tory stimulus (2 kHz, 1 s) was presented upon lever press and water
delivery followed. Second, rats were trained to press the lever when a
visual stimulus was presented. The visual stimulus also indicated which
lever the rats should press. If the left visual stimulus was presented, the
rats were required to press the left lever (correct case). They could not get

water if they pressed the right lever (wrong case) and were required to
press the left lever again in the next trial. When rats pressed the wrong
lever, the auditory stimulus was not presented. Once a lever was pressed,
visual stimuli disappeared and levers were unavailable until the next trial.
Finally, rats were trained to nose-poke into the central hole to start a trial.
They subsequently pressed one of the available levers and got water from
the nozzle at the opposite wall of the box. If rats did not press any lever
within 10 s after nose-poke, the trial was cancelled and visual stimuli
disappeared until the next trial.

Training 2: Amount and delay discrimination task. Before they were
tested in the amount, delay, or intertemporal choice tasks, rats were
trained to discriminate differences in either amount or time. The amount
discrimination task consisted of a choice between four and two drops of
water, the delay discrimination task consisted of a choice between no
delay and 1.5 s delay. In both discrimination tasks, a session consisted of
40 forced choices for learning the relationship between levers and out-
comes and 100 free choices for measuring rats’ ability to discriminate. In
the first 40 forced-choice trials, available levers were limited to one on
each trial. Rats experienced the two options equally often. In the follow-
ing 100 free-choice trials, both levers were available, and rats could
choose between the two options. Assignment of outcomes to levers was
counterbalanced between sessions. Sessions were conducted up to three
times a day and lasted >3 h. A rat was moved to the next step (gambling
task) when it had performed 10 or more consecutive sessions in which
they chose the better option >65% of the time. In both discrimination
tasks, rats chose the better option in >85% of the time in most sessions.

Trial structure. In both discrimination tasks, a 1 s period was provided
after the lever press as moving time; that is, water was delivered atleast 1 s
after the lever press. The duration of delay was implemented after this 1s
moving time. The auditory stimulus was presented during lever press
when water was given. In the amount discrimination task, one drop of
water was 50 ul, and the interval between each drop was 700 ms. Dura-
tion of the delay was 3 s. In the delay discrimination task, rats were given
100 ul of water per trial.

Depending on the experimental task in which they later were used, rats
were tested in the amount, delay, or both discrimination tasks. Thus, the
nine (10, 5) rats that were used in the amount gambling (delay gambling,
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intertemporal choice) task had been tested for their amount (delay,
amount and delay) discrimination ability in the amount (delay, both)
discrimination task.

Amount and delay gambling tasks. Risk can arise from variability in
reward amount or delay (Logan, 1965; Kacelnik and Bateson, 1996). In
the present study, we investigated the effects of AIC or OFC inactivation
on risky decision making associated with reward amount and delay using
two gambling tasks (the amount gambling task and the delay gambling
task), which were modified from previously described procedures (Lo-
gan, 1965). In both tasks, water-deprived rats were required to choose
and press one of two levers for water as reward (Fig. 1A4,B). In the
amount gambling task, rats were required to choose between a risky
option (variable amount: 4 drops or no water, 50/50 chance) and a sure
option (fixed amount: x drops of water; x = 1, 2, 3, 4; x was fixed in a
session). In the delay gambling task, rats were required to choose between
a risky option (variable delay until reward delivery: 0 or 10 s, 50/50
chance) and a sure option (fixed delay: x = 0, 1.5, 3, 5, 10 s, x was fixed in
a session; Fig. 1B). The overall task designs and procedures in the two
gambling tasks were the same as in the amount and delay discrimination
tasks.

Before we conducted pharmacological experiments, we investigated
behavioral performance without drug injections at each x in both gam-
bling tasks. More than 12 sessions were conducted at each level of x.
Percent choice of the risky option in each individual was the average of 10
sessions selected from the last consecutive 12 sessions, eliminating the
two sessions with maximum and minimum percent choice of the risky
option. Subjective equivalence points between risky and sure options
(percent choice of the risky option = 50%) were calculated based on
logistic sigmoid functions that were fitted to the observed value using the
least-square method.

Intertemporal choice task. If inactivation of either the AIC or OFC
disrupted the recognition of the difference in reward amount or delay, or
affected value processing under sure conditions, percent choice of the
risky option could have been affected in the amount and delay gambling
tasks. To test this possibility, we investigated the effect of AIC or OFC
inactivation in an intertemporal choice task. In this task, rats were re-
quired to choose between a larger later option and a smaller sooner
option. This task has been used previously in delay discounting studies
(Cardinal et al., 2001; Kalenscher and Pennartz, 2008), and our experi-
mental design was modified from the one described by Evenden and
Ryan (1996). If AIC or OFC inactivation affects either discrimination or
evaluation of reward amount or delay, percent choice of the two options
would change in this task. The larger later option provided four drops of
water after a delay of x seconds (x = 0, 3, 5, 7, 10; x was fixed in a session).
The smaller sooner option provided two drops of water immediately.
The overall task design and experimental procedures were the same as
in the amount and delay gambling tasks. We calculated the subjective
equivalence point between larger later and smaller sooner options by
using the same methods as in the two gambling tasks.

Surgery. After the rats were tested for their behavioral performances in
the amount gambling task, delay gambling task, or intertemporal choice
task, they were surgically implanted with stainless steel guide cannulae
(0.6 mm diameter) targeting 1 mm above bilateral AIC (AP +3.0, ML
+42, DV —5.6 mm) and OFC (AP +4.4, ML +2.2, DV —5.0 mm).
Under ketamine (80.0 mg/kg) and xylazine (0.8 mg/kg) anesthesia, the
scalp was retracted, and craniotomies were made bilaterally above the
target sites of the cannulae. Four guide cannulae (0.6 mm diameter) were
inserted and fixed with dental cement. To prevent clogging by blood
clots, dummy injection cannulae (0.3 mm diameter) were inserted into
the guide cannulae. Rats were given 1 week of recovery after the surgery.
After the recovery period, they were retrained in either the amount or
delay discrimination task in a week. In the retraining period, rats were
handled 30 min before each session to get them acclimatized to the pro-
cedure of drug injection.

Drugs. Either the AIC or OFC was inactivated by injecting a mixture of
muscimol (GABA A receptor agonist) and baclofen (GABA B receptor
agonist) (Sigma), which have been used in previous inactivation studies
(Ghods-Sharifi et al., 2009; Takahashi et al., 2009). Muscimol and
baclofen were dissolved separately in physiological saline at a concentra-
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tion of 200 ng/ul, and combined in equal volumes. The final concentra-
tion of each drug was 100 ng/ul. The concentration of drugs was
determined by referring to previous studies (Ghods-Sharifi et al., 2009;
Horst and Laubach, 2009; Takahashi et al., 2009) and our preliminary
experiment. The volume of drugs was 100 nl per hemisphere. We used
lower drug volumes than in the previous studies to prevent diffusion
between AIC and OFC, which adjoin each other. To test the extent of
drug diffusion, we conducted additional tests in which two types of dye
were injected into the AIC and OFC, using the same injection procedures
as the main experiment. As smaller molecules are generally more likely to
diffuse (Hayduk and Laudie, 1974), we used thionine and pontamine sky
blue, whose molecular weight was relatively close to and larger than that
of the drugs, respectively (muscimol: 114.1, baclofen: 213.66, thionine:
263.75, pontamine sky blue: 992.8). Despite the difference in molecular
weight, the extents of diffusion of the two dyes were both 1.5 mm in
width. Edeline et al. (2002) report a similar extent of diffusion after the
same amount of muscimol injection into the cortex. Importantly, there
was no overlap between injection sites.

Injection procedure. Drug or saline was injected 30 min before the
behavioral tests. During the drug injection, rats were handled on the
experimenter’s lap without anesthesia. The dummy cannula was re-
moved from the implanted guide cannula, and the injection cannula was
inserted into the target region via the guide cannula. The injection can-
nulae were stainless steel needles 0.3 mm in diameter and extending 1
mm from the tip of the guide cannulae. Injection cannulae were con-
nected to a microliter Hamilton syringe by 0.26-mm-diameter polyeth-
ylene tubing. The drug or saline was delivered at a rate of 50 nl/min for 2
min (100 nl per hemisphere) under syringe infusion pump control. In-
jection cannulae were left in place for 1 min after injection to allow
diffusion of the fluid. Injections to each hemisphere were performed
separately; the entire injection procedure took 7-10 min. Finally, we
checked for clogging of the injection cannula after the injection. Data
were excluded from the analysis if the injection cannula were clogged. To
habituate the rats to the injection procedure, they underwent a mock
injection during preinjection sessions (the last 5 sessions before injection
conditions).

Pharmacological test schedule. Each rat underwent four injection con-
ditions (AIC/drugs, AIC/saline, OFC/drugs, and OFC/saline in a ran-
domized order). All injections were spaced at least 2 d apart. We treated
the last five preinjection sessions as a baseline. The averages of the stan-
dard deviations of the risky choices in the last five preinjection sessions
were 11.1% in the amount gambling task, 10.1% in the delay gambling
task, and 10.4% in the intertemporal choice task.

Histology. After experiments were completed, the brains were sliced
into 50 wm coronal sections and stained with thionine. Slices were ex-
amined under a microscope to identify locations of cannulae. Cannulae
placements were classified using the rat brain atlas (Paxinos and Watson,
2007).

Data analysis. Statistical analysis was conducted using SPSS and Mi-
crosoft Excel. In both the amount and the delay gambling task, four
behavioral parameters were measured for each animal: percent choice of
the risky option in 100 free choices, correct rate in 40 forced choices,
average reaction time in 100 free choices, and number of reaction omis-
sions in the whole session.

The population’s percent choice of the risky option was the average
percent choice of the risky option of all individuals. Comparisons be-
tween percent choice of the risky option and chance level (50%, random
choice between the two options) were made by one-sample ¢ test (signif-
icance level: p < 0.05). To calculate the subjective equivalence point
between the risky and sure options (percent choice of the risky option =
50%), a logistic sigmoid function ( flx) = a + b/(1 + exp (—(x — ¢)/d);
a, b, ¢, and d were free parameters) was fitted to the observed choice
frequencies using the least-squares method.

For the analysis of the injection conditions, first we compared the
percent choices of the risky option between the pharmacological treat-
ment session (postinjection) with the average of the last five sessions
before injection (preinjection), and one session conducted on the day
after postinjection (recovery). Comparisons of percent choice of the risky
option between preinjection, postinjection, and recovery were made using a
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one-way ANOVA. If the outcome of this ANOVA yielded significant effects
at the p < 0.05 level, a post hoc t test with Bonferroni correction was per-
formed (significance level: p < 0.05, Bonferroni-corrected). The changes
in the percent of risky option choice from preinjection to postinjection
(the percent of risky option in postinjection minus that of preinjection)
were compared between the drug and saline injection conditions on an
individual animal basis by paired ¢ test (significance level: p = 0.05).

Comparisons of the correct rate between drugs and saline injection
were made by nonparametric Wilcoxon signed ranks test (significant
level: p < 0.05). A nonparametric test was used because the correct rate
was extremely high and not normally distributed. Comparisons of reac-
tion time and reaction omission between the drugs and saline injection
were made by paired £ tests (significant level: p < 0.05).

In the intertemporal choice task, data collection and analysis was per-
formed as in the two gambling tasks. Comparisons of percent choice of
the larger later option between preinjection, postinjection, and recovery
sessions were made using one-way ANOVA.

Data were excluded from the analysis when the injection cannulae
were found to be clogged or when the tip of the injection cannulae devi-
ated from the target region with histological investigation (Fig. 3B, x
symbol). The final numbers for each injection condition were nine for
every experiment in the amount gambling task and nine (AIC/drugs), six
(AIC/saline), seven (OFC/drugs), and six (OFC/saline) in the delay gam-
bling task. Note that the results remained significant when all data were
included.

Results

Behavior in two gambling tasks

Figure 2, A and B, show behavioral performance in the amount
(N =9) and delay (N = 10) gambling tasks, respectively. We
focus on two aspects of these results here. One aspect is whether
the rats understood the difference between risky and sure op-
tions. In both tasks, percent choice of the risky option changed
gradually (not abruptly) depending on the value of the sure op-
tion. This result suggests that the rats were attracted not only to
either outcome of the risky and sure options, but compared the
three outcomes provided by the two options (i.e., they were sen-
sitive to changes in the sure amount).

Next, we asked which option the rats preferred when the risky
and sure option had the same expected value in the two gambling
tasks. Risky and sure options had the same expected value at x =
2 in the amount gambling task and at x = 5 in the delay gambling
task. Because each option, on average, provides the same reward
amount or delay at these conditions, rats with no preference for
either option would choose the risky option in ~50% of the trials.
In the amount gambling task, six of nine rats exhibited a signifi-
cant preference for the risky option at x = 2 (risk-seeking type),
and the other three rats had no significant preference (risk-
indifferent type). In the population, the percent choice of the
risky option was significantly higher than chance level (60.5 =
3.1%, g, = 7.67, p < 0.05). In the delay gambling task, all 10 rats
exhibited a preference for the risky option at x = 5 (84.1 = 2.1%,
taoy = 16.14, p < 0.05). These behavioral tendencies in both tasks
are consistent with previous reports that in general, animals ex-
hibit various preferences for risk in reward amount and prefer
risk in reward delay when risky and sure options have the same
expected value (Kacelnik and Bateson, 1996; Weber et al., 2004).

To allow risk preference to change by inactivations, we inves-
tigated the x value at which risky and sure options were equiva-
lent for the rats (percent choice of the risky option = 50%,
subjective equivalence point) by drawing sigmoid curves based
on logistic functions that were fitted to the observed value (r* >
0.99 in both tasks). The subjective equivalence point between the
risky and sure option was 2.4 in the amount gambling task and
2.3 in the delay gambling task. In the following experiments, the
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Figure2.  Percent choice of the risky option in the amount (4, N = 9) and delay (B, N = 10)
gambling tasks. Sigmoid curves were drawn based on logistic functions that were fitted to
observed values (r* > 0.9 in both tasks). When the risky and sure options had the same
expected value (x = 2 in the amount gambling task, x = 5 in the delay gambling task), rats
significantly preferred the risky option (p << 0.05, both tasks). Calculated from sigmoid logistic
functions, the subjective equivalence points between risky and sure options were 2.4 in the
amount gambling task and 2.3 in the delay gambling task. Error bars indicate SEM.

rats were tested for risk preference at x = 2 in the amount gam-
bling task because this was the nearest integer number to the
subjective equivalence point, and at their respective subjective
equivalence pointin the delay gambling task because delays could
be adjusted precisely to individual subjective equivalence points.

Inactivation of AIC and OFC in gambling tasks

The rats were implanted with cannulae for local microinjection of
drugs. Figure 3 shows guide and injection cannulae tracks and
injection sites. In Figure 4, A and B, the effects of inactivation of
the AIC and OFC on risk preference are shown as group data.
Changes in percent choice of the risky option between preinjec-
tion, postinjection, and recovery were detected with a one-way
ANOVA and further specified by post hoc t tests with Bonferroni
correction. Saline injection into either the AIC or OFC did not
affect risk preference in either gambling task (amount gambling
task: AIC, p = 0.69; OFC, p = 0.66; delay gambling task: AIC, p =
0.66; OFC, p = 0.86; one-way ANOVA). In contrast, inactivation
by muscimol and baclofen injection changed risk preferences.
The direction of change was similar for both tasks but different
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Gl, granular insular cortex; LO, lateral orbitofrontal cortex; VO, ventral orbitofrontal cortex.

depending on injection site. Inactivation of the AIC decreased
risk preference whereas inactivation of the OFC increased it (one-
way ANOVA, all p < 0.05; post hoc t test with preinjection vs
postinjection at each drug injection condition, Bonferroni-
corrected, all p < 0.05). There were no differences in inactivation
effects on risk preference between risk-seeking and risk-indifferent
rats in the amount gambling task.

We also analyzed the changes in risk preference on the single-
subject level. Figure 4C shows the individual changes in percent
choice of the risky option from preinjection to postinjection (i.e.,
percent choice of the risky option postinjection minus that of
preinjection). Risk preference changes induced by drug injection
differed significantly from saline injection (all p < 0.05, paired ¢
test with drugs vs saline).Thus, AIC or OFC inactivation also had
distinct effects on risk taking at the single-subject level, regardless
of whether risk was in amount or delay.

To test whether the risk preferences developed over the 100
free-choice trials, we compared the percent choices of the risky
option for each injection condition by dividing the free-choice
trials into four blocks. There were no significant differences in
risky choices between blocks [all p > 0.1, repeated-measures two-
way ANOVA (drugs/saline X blocks)], and interactions between
drugs/saline and blocks were not significant either (however, the
p value of the interaction between drugs/saline and blocks in OFC

Red: Amount gambling task
: Delay gambling task
Blue: Intertemporal choice task

Locations of injection. Rats were bilaterally implanted with 0.6-mm-diameter guide cannulae through which 0.3-
mm-diameter injection cannulae were inserted. A, Typical tracks of guide and injection cannulae. B, Locations of tip of injection
cannulae in the AIC and OFC. Plates are adaptations from the atlas of the rat brain (Paxinos and Watson, 2007). AID, Dorsal
agranularinsular cortex; AlV, ventral agranular insular cortex; DI, dysgranular insular cortex; DLO, dorsolateral orbitofrontal cortex;
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injections in the amount gambling task
was 0.06). Thus, there was no significant
development of the risk preference during
a session.

Control analysis: less specific effects of
AIC or OFC inactivation?

Prefrontal cortex is thought to be involved
in cognition, motor performance, and at-
tention (Fuster, 2008). We therefore inves-
tigated whether AIC and OFC inactivation
affected performance in domains other
than risk taking. More specifically, we com-
pared three behavioral parameters after
muscimol and baclofen injection versus sa-
line injection: correct rate in forced
choices (cognition), reaction time (dura-
tion from nose-poke to lever press) in free
choices (motor performance), and num-
ber of reaction omissions (no lever press
in 10 s after nose-poke) in the whole ses-
sion (attention) (Table 1).

Forced choice required pressing a speci-
fied lever to get a reward, but rats could also
press a nonspecified lever (for no reward).
The correct rate in forced choices could have
been affected by various cognitive dysfunc-
tions, but AIC and OFC inactivation had no
significant effect in either the amount gam-
bling task (AIC: z = —1.41, p = 0.16, OFC:
z= —1.0, p = 0.32, Wilcoxon signed ranks
test) or the delay gambling task (AIC: z = 0,
p = 1.0, OFC: z = 0, p = 1.0, Wilcoxon
signed ranks test).

Although there was a possibility that
muscimol and baclofen injection might
affect motor performance by leaking to
the secondary motor area through the
guide cannulae, there were no significant
differences in reaction time between saline and drug injection
into either the AIC or OFC in the amount gambling task (AIC:
p = 0.07, OFC: p = 0.59, paired ¢ test) or the delay gambling task
(AIC: p = 0.15, OFC: p = 0.75, paired t test).

Reaction omission could result from a deficit in attention.
However, reaction omissions rarely happened in any of the 140
trials even with drug injections. There were no significant differ-
ences in the number of reaction omissions between saline and
drug injection into either the AIC or OFC in either the amount
gambling task (AIC: p = 0.07, OFC: p = 0.14, paired ¢ test) or the
delay gambling task (AIC: p = 0.22, OFC: p = 0.20, paired  test).

Control experiment: intertemporal choice task

To test whether inactivation of the AIC and OFC affected the
recognition of the difference in reward amount or delay, or value
processing under sure conditions, we investigated the effect of
AIC and OFC inactivation in the intertemporal choice task. Fig-
ure 5A shows the behavioral performance in the intertemporal
choice task (N = 5). In the same way as for the two gambling
tasks, we calculated the subjective equivalence point between
larger later and smaller sooner options for each individual (x =
5-7), and conducted pharmacological experiments at these
points. Figure 5B shows that there were no significant effects on
intertemporal choice by AIC and OFC inactivation (p = 0.56 and
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Figure4. Effectsof AlCand OFCinactivation on risk preference in the two gambling tasks. In

both the amount (A) and delay (B) gambling task, AlCinactivation significantly decreased risk
preference. In contrast, OFC inactivation significantly increased risk preference. Comparisons
were made by ANOVA and post hoc t test. *Significant difference between all combinations by
post hoc t test (p << 0.05, Bonferroni-corrected). €, individual changes in risky choices. Drugs
and saline injection data belonging to the same individual are connected with a straight line.
Risk preferences after drug injection significantly differed from those after saline injection (*all
p << 0.05, paired ¢ test). Error bars indicate SEM.

p = 0.81, respectively, ANOVA) and by saline injection (p = 0.56
and p = 0.51, respectively, ANOVA).

Itis possible that inactivations affected the value processing of
amount and delay in opposite ways such that they canceled out. If

Ishii et al. ® Anterior Insular Cortex in Risky Decision Making

s0, AIC and OFC inactivations would affect the discrimination
performances in the amount and delay discrimination tasks.
However, our initial preliminary experiments confirmed that
AIC and OFC inactivations have no effect on discrimination per-
formance in each discrimination task, so this possibility seems
unlikely.

Discussion

Previous studies have found various neural correlates of decision
making under risk, such as the amygdala, nucleus accumbens,
cingulate cortex, dorsolateral prefrontal cortex, ventromedial
prefrontal cortex, orbitofrontal cortex, and insular cortex (Mc-
Coy and Platt, 2005; Tom et al., 2007; Venkatraman et al., 2009;
Mobhr et al., 2010). In the present study, we focused on the causal
roles of two limbic regions, AIC and OFC. In two different types
of gambling tasks, we found that inactivation of the AIC de-
creased risk preference whereas inactivation of the OFC increased
risk preference. Because the effects of these inactivations were
similar for both tasks, inactivations appear to have affected risk
processing generally and directly rather than affecting more spe-
cific reward-amount and delay-value processing or having indi-
rect effects. This interpretation is supported by the result of the
control experiment suggesting that AIC and OFC inactivations
had no significant effects on intertemporal choice. The AIC and
OFC seem to be important for decision making under risky con-
ditions and not always necessary for value-based decision making
under sure conditions. In addition, AIC and OFC inactivations
had no significant effects on less specific factors of task perfor-
mance, such as correct rate, reaction time, or reaction omission.
Based on these results, we propose that inactivation of either AIC
or OFC primarily changed risk preference. Most importantly, the
change occurred in opposing directions for the two regions.

Intact AIC promotes risk taking

Previous human imaging studies have reported AIC activation in
risky decision making (Paulus et al., 2003; Kuhnen and Knutson,
2005; Preuschoff et al., 2008; Xue et al., 2010; Burke and Tobler,
2011). Here, we demonstrated a causal involvement of the AIC in
risky decision making, and, by extension, suggest that the intact
AIC normally promotes risk taking. This idea concurs with pre-
vious findings that insular activation was stronger when partici-
pants took risky versus sure decisions (Paulus et al., 2003) and
that high insula activation was more likely to occur when partic-
ipants took a risky decision after taking a no-risk decision in the
previous trial (Xue et al., 2010).

The findings of AIC involvement in drug addiction are consistent
with our results of AIC inactivation. Damage to the insula disrupted
addiction to cigarette smoking (Nagqvi et al., 2007). Insula inactiva-
tion prevented amphetamine-seeking in a place-preference task
(Contreras et al., 2007). From these observations, the AIC is thought
to induce an urge for the pleasurable interoceptive effects of drug
taking (Naqvi et al., 2007). However, drugs are risky substances,
often leading not only to pleasurable but adverse effects. Together
with our findings, the AIC may promote risk seeking in situations in
which both positive and negative outcomes can ensue. More gener-
ally, the AIC has been implicated as a key structure in linking multi-
sensory information, affective processing, and previous experiences
through connections with the posterior insular cortex, the amygdala,
and the hippocampal system (Shi and Cassell, 1998; Delatour and
Witter, 2002; Reynolds and Zahm, 2005; Craig, 2009). Given these
interactions, the AIC may process risk information by using intero-
ceptive and emotional information, and may promote seeking the
better outcome of a risky decision.
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Table 1. No effect on other behaviors by either AIC or OFC inactivation
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AIC OFC
Saline Mus + Bac Saline Mus + Bac
Amount gambling task
Correct rate in 40 forced choices (%) 100 =0 99.8 = 0.1 ns 100 =0 990.9 = 0.1 ns
Reaction time in 100 free choices (ms) 1260 * 274 1560 = 125 ns 1116 = 156 1174 = 91 ns
Number of reaction omission in whole session 0.56 +0.18 1.56 = 0.50 ns 0.44 +0.18 1.00 = 0.29 ns
Delay gambling task
Correct rate in 40 forced choices (%) 100 =0 100 =0 ns 100 £ 0 100 £0 ns
Reaction time in 100 free choices (ms) 1027 *+ 63 1356 == 190 ns 1019 + 48 1001 = 86 ns
Number of reaction omission in whole session 033 £0.21 1.42 +0.48 ns 117 =048 0.67 £0.33 ns

The effects of AIC or OFCinactivation on three behavioral parameters: correct rate in 40 forced choices, reaction time in 100 free choices, and number of reaction omissions in the whole session. There were no significant differences between
inactivations and saline in both gambling tasks, suggesting that inactivations affected performance in risk taking and not other domains. Values are mean == SEM. Mus + Bac, muscimol + baclofen; ns, not significant.
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Figure 5. Intertemporal choice task (N = 5). A, Performance at each x condition and fitted
sigmoid curves based on logistic function (r* > 0.99). B, Effects of AIC or OFC inactivation on
intertemporal choice at subjective equivalence point with larger later and smaller sooner op-
tions (x = 5). Neither AICor OFCinactivation had significant effects in this task (p = 0.56,p =
0.81, ANOVA). Saline injection also had no significant effect (p = 0.56,p = 0.51, ANOVA). Error
bars indicate SEM.

The AIC may also suppress avoiding the worse outcome of a
risky decision. In our study, risk preference after losing the gam-
ble in the previous trial decreased by AIC inactivation in both
gambling tasks (both p < 0.05, paired t test with preinjection vs
postinjection): with AIC inactivation, the rats were more risk-
averse, particularly after losing than with saline. This result indi-
cates that the AIC is also involved in adjusting current behavior in
the light of adverse outcomes in risky decisions. Our proposal
that the AIC promotes risk taking appears to be at odds with a

previous idea that the AIC is involved in loss aversion in risky
decision making: high AIC activation preceded switching to risk-
aversive choices in a financial decision making task (Kuhnen and
Knutson, 2005). This contradiction may be resolved if the AIC is
sensitive to the potentially worse outcome of the risky option and
is recruited to suppress risk avoiding.

The AIC may promote risk seeking in synergy with other brain
regions. One of these regions is the amygdala. Both the basolat-
eral and the central nucleus receive strong excitatory inputs from
the insular cortex (McDonald, 1998). Moreover, temporary in-
activation of the basolateral amygdala made animals more risk-
averse (Ghods-Sharifi et al., 2009). Thus, it is conceivable that the
intact AIC contributes to and combines with amygdala-mediated
risk seeking.

Opposite roles of AIC and OFC in risky decision making

In this study, we also confirmed that the OFC plays a crucial role in
decision making under risk in the two gambling tasks. Consistent
with previous reports on patients with OFC damage (Bechara et al.,
1994; Rogers et al., 1999a) and OFC-lesioned rodents (Pais-Vieira et
al.,, 2007), inactivation of the OFC increased risk preference in the
present study. The common effects in both amount and delay gam-
bling tasks extend the previous literature by showing a general role of
the OFC in risk processing.

At first, our finding that OFC inactivation had no effect on
intertemporal choice may appear inconsistent with findings of
previous studies that rat OFC lesions result in more impulsive
choices (Mobini et al., 2002), less impulsive choices (Winstanley
et al., 2004), or both (Mar et al., 2011). One reason could be that
the time delay setting used for the larger later option in our study
(10 s) was much shorter than the ones used in these previous
studies (30—60 s), making the task less sensitive to impulsivity
caused by OFC inactivation. Thus, the effect of OFC inactivation
on impulsivity might have gone undetected in our study. In other
words, our study distinguished the effects of OFC inactivation on
risk preference from those on time discounting.

In agreement with the suggested role of the intact OFC in
promoting risk aversion, previous studies revealed an involve-
ment of the OFC in risk processing. Single neurons of the primate
OFC responded to stimuli predicting risk and these responses
increased monotonically with risk (O’Neill and Schultz, 2010).
The responses of rat OFC neurons to the outcomes of risky op-
tions in free choice reflected individual risk preference (Roitman
and Roitman, 2010). The OFC may contribute to loss processing
because human lateral OFC was activated by monetary loss
(O’Doherty et al., 2001) and activation of lateral OFC covaried
with risk and individual risk aversion (Tobler et al., 2007). From
these observations, it is reasonable to assume that the loss of OFC
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function interferes with optimal decision making under risk and
causes abnormal risk seeking behavior.

Our results provide new insights into not only the role of the
AIC but also functional specialization between the two adjacent
cortical areas in risky decision making. Anatomically, the AIC
and OFC have distinct topographical connectivity with the stria-
tum and the frontal cortex. Concerning striatal connectivity, the
AIC mainly projects to ventral and lateral parts of the striatum,
whereas the OFC projects more dorsally and medially (Schilman
et al., 2008). Concerning frontal connectivity, the AIC has major
interconnections with the anterior cingulate, prelimbic, and in-
fralimbic cortex, whereas the OFC is mainly interconnected with
the anterior cingulate cortex and has much less interconnection
with prelimbic and infralimbic cortex (Hoover and Vertes, 2011).
The important point of our results is that AIC and OFC inactiva-
tions had opposite effects on risk preference, and this suggests, to
our knowledge for the first time, that the AIC and OFC make
different contributions to risky decisions. It could be that the AIC
promotes exploration for possible gain, whereas the OFC pro-
motes avoidance of possible loss. Moreover, there is a possibility
that in the decision phase the AIC and OFC may functionally
compete with each other directly or indirectly. Mutually inhibi-
tory interaction between the AIC and OFC could be achieved by
anatomical interconnection between them (Van De Werd and
Uylings, 2008). Indirect competition could be achieved by oppo-
site influences on other regions that receive projections from
both AIC and OFC. One such candidate is the nucleus accumbens
(Reynolds and Zahm, 2005), which is also known to be involved
in decision making under risk (Kuhnen and Knutson, 2005; Tom
et al., 2007). Future combinations of inactivation and electro-
physiological studies may help to reveal the functional relation-
ships between the AIC and the OFC.

Conclusion

We show that AIC inactivation decreases risk preference in the
presently used amount and delay gambling tasks. By contrast,
OFC inactivation increases risk preference in these tasks. Within
the same subjects, we confirm and expand previous findings re-
garding OFC in risky decision making, and distinguish the role of
the AIC from that of the OFC; by implication, the intact AIC
promotes risk taking whereas the intact OFC promotes risk aver-
sion. The relative strength of AIC and OFC activities may impact
whether we take a risk or avoid it.
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Systemic manipulations have shown that dopamine and serotonin systems are involved in risky decision
making. However, how they work within the regions that implement risky choices remains unclear.
The present study investigated the role of dopamine and serotonin in the rat anterior insular cortex
(AIC) and orbitofrontal cortex (OFC), which make different contributions to risky decision making. We
examined the effects of local injection of the D; (SCH23390), D, (eticlopride), 5-HT;5 (WAY100635)
and 5-HT,4 (M100907) receptor antagonists into the AIC or OFC on risk preference in a gambling task.

gfﬁgg;gz:d decision making We found that different dopamine and serotonin receptor subtypes in the AIC and OFC differentially
Rat influence risky decision making: intra-AIC injection of DR or 5-HT;4R blockers increased risk preference
Gambling whereas intra-OFC injection of the 5-HTaR blocker decreased it. Risk preference was not altered by
Reward intra-AIC injection of DR and 5-HT,4R blockers or by intra-OFC injection of DR, D3R, and 5-HT,aR

blockers. Furthermore, additional analyses revealed that dopamine and serotonin signaling in the AIC
have outcome history-dependent effects on risk taking: intra-AIC injection of the D,R blocker increased
risk preference particularly after winning in a previous risky choice, whereas intra-AIC injection of the
5-HT;4R blocker increased risk preference after losing.

© 2014 Elsevier Ireland Ltd and the Japan Neuroscience Society. All rights reserved.

1. Introduction

A risky choice is the selecting of an option that, like the toss
of a coin, has an uncertain outcome. To obtain greater gains we
sometimes need to choose a risky option rather than playing it safe,
although excessive risk taking also can lead to ruin. The two neu-
romodulators, dopamine and serotonin, have been implicated in
risky decision making (Cools et al., 2011; Rogers, 2011; Takahashi,
2012). For example, reducing dopamine levels impairs optimal per-
formance in the lowa gambling task (Sevy et al., 2006). Systemic
administration of amphetamine increases risk taking of rats, an
effect that is blocked by co-administration of either D; or D, recep-
tor antagonists (St Onge and Floresco, 2009). Moreover, transgenic
mice lacking GABA, receptors in dopamine neurons show a higher
preference for risk than controls (Parker et al., 2011). People with
the short variant allele of the serotonin transporter polymorphism
gene (presumably resulting in more serotonin left in the synapse)
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Graduate School of Life Sciences, 2-1-1 Katahira, Aoba-ku, Sendai 980-8577, Japan.
Tel.: +81 22 217 5046; fax: +81 22 217 5048.

E-mail address: t-iijima@m.tohoku.ac.jp (T. lijima).
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are more averse to financial risk than people who have the long
allele of the gene (Kuhnen and Chiao, 2009). Serotonin-depleted
monkeys and rats (Long et al., 2009; Koot et al., 2012) show higher
risk preference. Higher serotonin levels thus appear to be asso-
ciated with higher risk aversion whereas at least some research
suggests that higher dopamine levels are associated with higher
risk preference.

Thus, global manipulations of dopaminergic and serotoniner-
gic systems have provided evidence that these neuromodulators
are involved in risky decision making. Recent studies have begun
to investigate the function of these neuromodulators in some of
their target regions during risky decision making. For example, St
Onge and her colleagues found that local injection of a D{R blocker
into the medial PFC decreased risk preference, while local injec-
tion of a DR blocker increased it (St Onge et al., 2011; see also
Mai and Hauber, 2012). However, dopaminergic and serotonergic
neurons project to partly different target regions with different
functions. Moreover, the distributions of receptor subtypes are
largely different between target regions. Thus, the question arises
“how dopamine and serotonin work within given target regions.”

In the present study, we investigated the roles of dopamine and
serotonin in the anterior insular cortex (AIC) and the orbitofrontal
cortex (OFC). Human studies have shown these regions to be

0168-0102/© 2014 Elsevier Ireland Ltd and the Japan Neuroscience Society. All rights reserved.
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involved in risk processing (e.g., Tobler et al., 2007; Burke et al.,
2013). In rats, inactivation of the AIC decreases risk preference and
inactivation of the OFC increases it (Ishii et al., 2012), suggesting
that the AIC and OFC make different contributions to risky deci-
sions. These regions also differ in dopaminergic innervation: the AIC
receives substantial dopaminergic projections, whereas the OFC
receives little or none (Berger et al., 1976, 1991; Ohara et al., 2003;
Van De Werd and Uylings, 2008). Accordingly, clear expression of
DR and D,R mRNA can be observed in the AIC but not the OFC
(Santana et al., 2009). In contrast, both the AIC and the OFC receive
serotonergic innervation (Linley et al., 2013). The major serotonin
receptor subtypes, 5-HT14R and 5-HT»4R, are expressed in both
regions (Santana et al., 2004). Given these data, it is conceivable
that blocking dopamine and serotonin in the AIC and OFC reveals
distinct, target region-specific roles of the two neuromodulators in
risky decision making.

2. Materials and methods
2.1. Animals

Thirty-four male Wistar rats initially weighing 200-250 g were
used for the experiments. Training of the behavioral task took over
2 months, leading to final weights at test of 250-310g. During
behavioral and pharmacological tests, individual body weight was
stable. Rats were individually housed under 12-h light/dark cycles
with light onset at 8:00 P.M. Training and testing took place during
the dark phase. They had ad libitum access to food for the dura-
tion of the experiments but limited access to drinking water in
their home-cage. Usually, the rats received all the water needed
in a day through the behavioral experiments. To prevent weight
loss, their body weights were monitored daily, and if necessary,
they were given additional water after the daily experiment. The
experimental plan of the present study was approved and licensed
(2013LSA-006-1) by the Institutional Animal Care and Use Com-
mittee of Tohoku University. Throughout the experiments, animals
were treated in accordance with the National Institutes of Health
Guide for the Care and Use of Laboratory Animals and Tohoku Uni-
versity Guidelines for Animal Care and Use.

2.2. Overall structure of the experiment

We tested the effects of blocking four representative receptor
subtypes—D1R, D3R, 5-HT7aR, and 5-HT;4R—in either the AIC or
OFC on rats’ risky decision making in the gambling task we had
used in a previous study (for details, see Ishii et al., 2012). All pro-
cedures were the same as those used in that study; only the drugs
were different. The basic task for the rat was to get water by choos-
ing one of two levers associated with different outcomes. After the
rats were trained to discriminate the different reward amounts pro-
vided by the two levers, their behavioral performance was tested
in a gambling task. Guide cannulae for drug injections were then
implanted and, after a recovery period of 7 days, pharmacological
tests in the gambling task and reward-amount-discrimination task
as a control were conducted.

2.3. Apparatus

Experiments were conducted in dimly lit sound-attenuated
boxes (60 cm x 45 cm x 35cm) (Fig. 1A). On one wall of each box
was a nose-poke hole at the center and two protruding levers,
one on each side of the hole and each with a white LED above
it. A nozzle delivering water was on the opposite wall. Nose-poke
responses were detected by a horizontal infrared beam (OMRON).
Each device was connected to a computer via a Digital I/O card

(PCI-7248, ADLINK technology) and controlled by an in-house soft-
ware program (based on C++).

2.4. Training: reward-amount-discrimination task

The rats were first trained to discriminate differences in the
number of water drops. A trial consisted of three events: a nose-
poke into the central hole to start a trial, a press of one of the
available levers (availability was indicated by the LED-ON), and
delivery of drops of water from the nozzle on the opposite wall
of the box. One drop of water was 50 w1, the interval between each
drop was 700 ms, and water was given 3 s after lever press. If the
rat did not press either lever within 10s after nose-poke, the trial
was aborted and the LED was turned off until the next trial. Rats
first learned in 40 forced-choice trials that the high-amount option
(lever) provided 4 drops of water and the low-amount option
provided 2 drops. In subsequent discrimination trials, rats were
given 100 free choices between the high- and low-amount options.
Assignment of outcomes to levers was counterbalanced between
sessions. Sessions were conducted up to three times a day and
lasted over 3 h. A rat was moved to the next step (the gambling
task) when it had performed 10 or more consecutive sessions in
which it had chosen the high-amount option in more than 65% of
the trials. In most sessions the rats chose the better option in over
85% of the trials.

2.5. Gambling task

The task was modified from previously described procedures
(Logan, 1965). The rats were required to choose between a risky
option (variable amount: either 4 drops or no water, 50-50 chance,
random order) and a sure option (fixed amount: x drops of water;
x=1, 2, 3, 4; with x fixed in a session). The session and trial
structures were the same as in the amount-discrimination task.
Before we conducted pharmacological experiments, we investi-
gated behavioral performance without drug injections at each x
in the gambling task. More than 10 sessions were conducted at
each level of x, and for each rat the percent choice of the risky
option was the average of the last 10 consecutive sessions. Sub-
jective equivalence points between risky and sure options (percent
choice of the risky option=50%) were based on logistic sigmoid
functions [f{x)=a+ b/(1 +exp(—(x — c)/d)), where q, b, ¢, and d were
free parameters| which were fitted to the observed choices using
the least-square method. Drug tests were performed only at the x
closest to the subjective equivalence point.

2.6. Surgery

The rats were surgically implanted with four stainless steel
guide cannulae (0.6 mm in diameter) targeting 1 mm above bilat-
eral AIC (AP +3.0, ML +4.2, DV —5.6mm) and OFC (AP +4.4, ML
+2.2, DV —5.0mm). Under ketamine (80.0 mg/kg) and xylazine
(0.8 mg/kg) anesthesia, the scalp was retracted, craniotomies were
made bilaterally above the target sites, and four guide cannulae
were inserted and fixed with dental cement. To prevent clogging
by blood clots, dummy injection cannulae (0.3 mm in diameter)
were inserted into the guide cannulae. Rats were given 1 week of
recovery from the surgery.

2.7. Drugs

The following drugs were used: the D{R antagonist R-(+)-
SCH23390 hydrochloride (2.0 and 4.0 jug/l), the D,R antagonist
eticlopride hydrochloride (2.0 and 4.0 pg/l), the 5-HT4R antag-
onist WAY100635 (2.0 and 4.0 pg/l), and the 5-HT,4R antagonist
M100907 (0.2 and 2.0 pg/wl). Moreover, 0.9% saline served as a
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Fig. 1. Task design. (A) Experimental apparatus with nose-poke hole in the middle of the two levers. (B) Sequence of events in a trial of the gambling task. The rats were
required to nose-poke to initiate a trial and then to press a lever. Water was given as reward. The first 40 trials in each session were forced-choice trials in which the rats
learned the relationship between the lever locations and the outcomes. In the following 100 free-choice trials, the rats could choose between the two options. (C) Percent
choice of the risky option in the gambling task without pharmacological treatment (N =34). Error bars indicate SEM. (D) Injection procedure. Each drug-injection session
(post-injection) was conducted more than 3 h after the baseline session (pre-injection) on the same day. Drug or mock injections were conducted 30 min before the behavioral

tests.

control. All drugs were dissolved in saline except for M100907,
which was dissolved with lactic acid. The choice of concentrations
of dopamine blockers was guided by the results of a previous study
(St Onge et al., 2011, in which 2.0 pg/pl SCH23390 and eticlopride
in medial PFC affected risky decision making). Similarly, concentra-
tions of serotonin blockers were based on previous studies (Fujita
etal., 2008; Robinson et al., 2008; Furr et al., 2012) and our prelim-
inary experiment. The volume of drugs was 100 nl per hemisphere.
We used slightly smaller drug volumes than in the previous study
(St Onge et al., 2011) in order to avoid diffusion between adjacent
AIC and OFC regions while still ensuring that the extent of drug
diffusion was sufficient to cover the target region.

2.8. Injection procedure

Drug-injection sessions (hereafter called post-injection ses-
sions) were conducted more than 3 h after the normal baseline
sessions (pre-injection sessions) on the same day (Fig. 1D). In each
experiment there was one post-injection session. It took about
30min and consisted of 140 trials. Drugs were injected 30 min
before the behavioral tests. During the drug injection, the rats were
handled on the experimenter’s lap without anesthesia. The injec-
tion cannulae were stainless steel needles 0.3 mm in diameter and
extended 1 mm from the tip of the guide cannulae. They were
connected to a microliter Hamilton syringe by polyethylene tub-
ing 0.26 mm in diameter, and drugs were delivered at 50 nl/min
for 2min (100 nl per hemisphere) under syringe infusion pump
control. Injection cannulae were left in place for 1 min after injec-
tion to allow diffusion of the fluid. Injections in each hemisphere

were performed separately, and the entire injection procedure took
7-10 min. Finally, we checked for clogging of the injection cannula
after the injection. In order to habituate the rats to the injection
procedure, they underwent a mock injection during the last five
sessions before post-injection conditions.

There were nine possible test conditions (=4 drugs x2
doses +saline) for each target region. To avoid the accumulation
of brain damage by repeated injection, a rat received up to three
different test conditions out of the nine possible ones for each tar-
get region. To avoid residual drugs effects at the next condition,
all drug injections were spaced at least 2 days apart, and con-
ducted only after choice performance had been returned back to
pre-injection levels. Moreover, the order of test conditions was ran-
domized among individuals in order to eliminate potential artifacts
due to the particular combination of drugs and injection order.

2.9. Histology

After experiments were completed, the brains were sliced into
50-pwm coronal sections and stained with thionine. Slices were
examined under a microscope to identify the locations of the can-
nulae. Cannulae placements were classified using The Rat Brain in
Stereotaxic Coordinates (Paxinos and Watson, 2007).

2.10. Data analysis
Statistical analysis was conducted using SPSS and EXCEL. Four

behavioral parameters were measured for each animal: percent
choice of the risky option in 100 free choices, average response
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Fig. 2. Locations of injections. Rats were implanted bilaterally with guide cannulae
0.6 mm in diameter through which injection cannulae 0.3 mm in diameter were
inserted. (A) Typical tracks of guide and injection cannulae. (B) Locations of
injection cannulae tips. Plates are adaptations from The Rat Brain in Stereotaxic
Coordinates (Paxinos and Watson, 2007). AID: dorsal agranular insular cortex, AIV:

time in 100 free choices, correct rate in 40 forced choices, and
number of reaction omissions in the whole session. For the anal-
ysis of drug effects on risky choices, first the changes in risky
choice (the percent choice of the risky option post-injection minus
that pre-injection) were tested by one-sample t-test (significance
level: p<0.05) within each test condition. Then the changes in risky
choice between test conditions were tested with Dunnett’s test
(significance level: p<0.05), setting saline condition to be control.
Pre- versus post-injection session comparisons of response times
were made using paired t-tests (significance level: p<0.05). Pre-
versus post-injection session comparisons of correct rates and of
the number of reaction omissions were made by non-parametric
Wilcoxon signed-ranks tests (significance level: p<0.05) because
the two measures were not normally distributed.

3. Results
3.1. Behavior in the gambling task

Before injections the behavioral performance in all tasks was
similar to that observed in our previous study (Ishii et al., 2012).
Fig. 1C shows the choice performance data in the gambling task.
When the sure option provided 4 drops of water, the rats frequently
chose it. Moreover, when the sure option provided fewer drops, the
rats chose it less frequently. When the sure option provided 2 drops
of water (x =2, i.e. expected value of risky option), 26 out of 34 rats
exhibited a significant preference for the risky option (66.2 + 1.2%
choice for the risky option), and the remaining eight rats had
no significant preference (56.4 +2.3%; in all rats comparison was
performed against chance level by one-sample t-tests). In the pop-
ulation, the percent choice of the risky option was significantly
higher than chance level (63.9 +1.3%,t[33]=10.71, p <0.05, by one-
sample t-test). In the following pharmacological experiment, the x
value of the sure option was set nearest to the subjective equiv-
alence point between the risky and sure option (percent choice
of the risky option=50%) in order to allow for drug injections to
increase or decrease risk preference. As in the previous study (Ishii
etal.,2012)the subjective equivalence point derived from the logis-
tic sigmoid curve fitting to the observed values (12 >0.99) was 2.4.
Therefore the effects of dopamine and serotonin receptor blockers
on risk preference were tested at x=2.

3.2. Effects of dopamine and serotonin blockers in the AIC and
OFC on risk preference

Fig. 2 shows tracks of the cannulae and injection sites. Although
each target region received multiple drug injections, the tissue
damage was limited to the tracks of the cannulae (Fig. 2A). In addi-
tion, in recovery sessions conducted on days after pharmacological
tests, choice performance returned to pre-injection levels; all p val-
ues of paired t-tests comparing performance between pre-injection
and recovery at each drug injection were larger than 0.05. Thus
the effects of drug injections did not carry over to the next drug
injection tests. Besides, baseline choice performance was stable
in the last five pre-injection sessions (the average of the standard
deviations of the choice performances in the last five pre-injection
sessions was 11.5).

Risk preference levels differed across individuals as mentioned
above and to some extent across days. To account for these differ-
ences, we assessed drug effects on risky choice within-individuals
and in relation to pre-injection behavior (i.e. percent choice of

ventral agranular insular cortex, DI: dysgranular insular cortex, DLO: dorsolateral
orbitofrontal cortex, GI: granular insular cortex, LO: lateral orbitofrontal cortex, VO:
ventral orbitofrontal cortex.
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the risky option post-injection minus that of pre-injection, Fig. 3;
raw data are shown in Supplementary Fig. S1). First, we tested
the changes in risky choice within each test condition by using
one-sample t-tests (significance level: p<0.05). The D{R blocker
SCH23390 did not have significant effects on risky choice in either
the AIC (2.0 ng/pl, t[7]=-0.09, p=0.93; 4.0 pg/wl, t{4]=-0.13,
p=0.90) or the OFC (2.0 pg/pl, t[4]=0.93, p=0.41; 4.0 ng/wl,
t{4]=0.54, p=0.62). The DR blocker eticlopride had significant
effects when injected into the AIC (2.0 pg/wl, t[8] = —3.85,p=0.005;
4.0 pg/l, t[6]=—-3.12, p=0.02) but not when injected into the OFC
(2.0 pg/pl, t[4]=0.26, p=0.83; 4.0 g/ L, t[4] = —-0.12,p=0.91). The
5-HT14R blocker WAY100635 had significant effects both when
injected into the AIC (2.0 pg/pl, t[5]=-2.73, p=0.04; 4.0 pg/pl,
t[6]=—-3.98, p=0.007) and when injected into the OFC (2.0 pg/p.l,
t[5]=2.09, p=0.09; 4.0 pg/pl, t[6]=3.26, p=0.02), but the direc-
tions of the effects of AIC and OFC injections were opposite.
The 5-HT,4R blocker M100907 did not have significant effects
when injected into either the AIC (0.2 pg/l, t[4]=0.05, p=0.96;
2.0 pg/wl, t{4]=-0.33, p=0.76) or the OFC (0.2 pg/pl, t[4]=0.06,
p=0.95; 2.0 pg/pl, t{4]=-0.19, p=0.86). Paired t-tests found no
significant differences between the two concentrations of block-
ers (2.0 versus 4.0 g/l DR blocker in the AIC (p=0.25) and the
OFC (p=0.80): 2.0 versus 4.0 pg/wl 5-HT1aR blocker in the AIC
(p=0.73) and the OFC (p=0.26). Risk preference was not affected

by saline injected into either the AIC (¢[8]=-0.12, p=0.90) or the
OFC (t[8]=-0.35, p=0.73), and the effects of drugs did not depend
on baseline risk preference levels.

Supplementary Fig. S1 related to this article can be found, in the
online version, at http://dx.doi.org/10.1016/j.neures.2014.11.009.

We next compared the effect of each drug against that of saline
by using Dunnett’s test and found that the D,R and 5-HT;4R block-
ers significantly increased risk preference in the AIC (4.0 g/l
p=0.02; 4.0 pg/pl, p=0.04, respectively) and that 5-HT,4R block-
ers significantly decreased risk preference in the OFC (4.0 pg/p.l,
p=0.04). Thus, dopamine and serotonin appear to reduce risk pref-
erence through local effects on D, and 5HTy 4 receptors in the insula.
Moreover, serotonin tends to increase risk preference through local
effects on 5HT; 4 receptors in the OFC.

3.3. Choice after winning or losing the gamble

Both DR and 5-HT4R blockers in the AIC increased risk pref-
erence similarly. To test for differences between them, we focused
on how the experience of previous outcomes affects subsequent
decisions. Interestingly, without drugs the rats showed higher risk
preference after losing the gamble (getting no reward in the previ-
ous trial) than after winning the gamble (getting 4 drops of water
in the previous trial); specifically, the rats chose the risky option in
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Fig. 4. Effects of D, and 5-HT 4R blockers in the AIC and OFC on risk preference after
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(*p<0.05). Error bars indicate SEM.

78.0% of trials after losing the gamble and in 67.9% after winning
the gamble. To investigate how intra-AIC injection of either D, or
5-HT;aR blockers affected these tendencies, we compared the per-
cent choice of the risky option after winning or losing the gamble
in pre- versus post-injection sessions. In order to compensate for
the reduction of power that was caused by splitting trials up into
those following a win, a loss, or a sure outcome we pooled the data
across different doses for this analysis.

Blocking D, receptors in the AIC significantly increased percent
choice of the risky option after winning the gamble but not after
losing the gamble (N=16, p<0.05, p=0.99, respectively, by one-
sample t-test). By contrast, blocking 5-HT;5 receptors in the AIC
significantly increased percent choice of the risky option after los-
ing but not after winning (N=13, p<0.05, p=0.13, respectively, by
one-sample t-test). As mentioned above, the DyR blocker in the OFC
did not change the percent choice of the risky option. It also did
not affect choice of the risky option conditional on previous wins
or losses (N=10, p=0.28, p=0.27, respectively, by one-sample t-
test). Finally, the decrease in the percent choice of the risky option
induced by the 5-HT{4R blocker in the OFC occurred similarly
after both wins and losses (N=13, p<0.05, p<0.05, respectively,
by one-sample t-test). The changes in risk preference from pre- to
post-injection (i.e., percent choice of the risky option post-injection
minus percent choice of the risky option of pre-injection) are sum-
marized in Fig. 4.

3.4. Control analysis: effects on other behavioral measures

Reaction omission and wrong lever presses in forced choices
rarely occurred even with drug injections (Table 1), but injections
unspecifically appeared to slow response times. In particular, both
AIC and OFC injections of 2.0 g/l of the D1R blocker had a slow-
ing effect. Response times tended to increase also after injections
of 4.0 g/l of the DR blocker in both the AIC and OFC, 2.0 pg/wl
of the 5-HT4R blocker in the OFC, and 2.0 p.g/ul of the 5-HT;4R
blocker in the AIC (p values between 0.05 and 0.10). Increases in
response times could be caused by deficits in motor performance
or decision time. Note however that the response times after drug
injections did not differ significantly from those after saline injec-
tions. The slower response times observed 1 day after injections
thus seem to be unrelated to the drugs but to arise from injections
more generally.

3.5. Control task: the effects on reward amount discrimination

The main data suggest that blocking D, or 5HTi5 recep-
tor subtypes has local effects on risk preference. However, a
deficit in the ability to discriminate reward amounts could also
change choice performance in the gambling task. In our pre-
vious study, AIC and OFC inactivations did not affect reward
amount discrimination (Ishii et al., 2012). We also tested the
effects of the DR blocker in the AIC and the 5-HT 4R blocker in
both the AIC and OFC on reward amount discrimination (choos-
ing between 4 and 2 drops of water). None of the injections
affected the percent choice of the larger-reward option (AIC DR
blocker: pre-injection [91.3 £6.3%], post-injection [86.04+ 7.0%],
N=3; AIC 5-HT{4R blocker: pre-injection [94.0+2.0%], post-
injection [93.7 4+3.5%], N=3; OFC 5-HTaR blocker: pre-injection
[93.0 &+ 1.2%], post-injection [93.7 &+ 1.9%], N=3).

4. Discussion

The prefrontal cortex (PFC) is thought to play an important role
in risky decision making (Rushworth et al., 2011) and receives both
dopaminergic and serotonergic fibers (Ohara et al., 2003; Linley
etal.,2013).Here, we investigated the roles of these neurotransmit-
ters in two sub regions of the PFC: the anterior insular cortex (AIC)
and the orbitofrontal cortex (OFC), by locally injecting two different
receptor subtype blockers each for dopamine and serotonin. The
results are summarized in Table 2. Blocking D, and 5-HT4 recep-
tors in the AIC increases risk preference in rats. Moreover, intra-AIC
injection of the DR blocker increases risk preference particularly
after winning whereas intra-AIC injection of the 5-HT4R blocker
increases it particularly after losing. These results not only confirm
that dopamine and serotonin modulate the function of the AIC in
risky decision making but also indicate that the two neuromodu-
lators have different outcome history-dependent functions, which
opens interesting avenues for further research on gambling.

4.1. Dopamine in the AIC and the OFC

The present finding that blocking D, receptors in the AIC
increases risk preferences is consistent with previous reports that
blocking D, receptors in the medial PFC increases risk preference,
including a selective effect on trials after winning gambles (St Onge
et al., 2011). It was also reported that stimulating D receptors in
the medial PFC has no effect on risk preference although blocking
D; receptors in the medial PFC decreases risk preference. Given
that the AIC expresses both D{R and D,R mRNA, it may appear sur-
prising that injecting the DR blocker into the AIC did not affect
risk preference. However, since D1R and D,R mRNA are expressed
in different neuronal populations (with the exception of layer 5) in
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Control analyses. Unspecific or no effects of drug injections on response times (from nose-poke to lever press) in 100 free choices, correct rate in 40 forced choices, and

number of reaction omissions (no lever press during 10 s after nose-poke) in the whole session.

Anterior insular cortex

Orbitofrontal cortex

pre post pre post
Response time (ms)
bR blocl 2.0 pg/pl 1136 + 77 1361 + 102 1081 + 81 1250 + 53
1K blocker 4.0 pg/ul 1099 + 73 1706 + 270 ns. 1074 + 90 1610 + 198 ns.
DoR block 2.0pg/pl 1202 + 70 1482 + 163 ns. 1271 + 180 1370 + 187 ns.
2R blocker 4.0 pg/pl 1036 + 53 1149 + 114 ns. 1114 + 77 1248 + 108 ns.
2.0 pg/pl 1580 + 210 1521 + 142 ns. 1242 + 48 1484 + 110 ns.
5-HT1aR blocker 4.0 pglul 1353 + 85 1246 + 55 ns. 2428 + 124 1311 + 47 ns.
0.2 pg/pl 1319 + 122 1218 + 73 ns. 1251 + 139 1226 + 42 ns.
5-HT2aR blocker 2.0 pg/pl 1210 + 105 1419 + 150 ns. 1099 + 76 1244 + 70 ns.
Saline 1047 + 73 1327 4+ 206 ns. 1157 + 100 1367 + 185 ns.
Correct rate (%)
2.0pg/ul 100 £ 0 100 £ 0 ns. 100 £ 0 99.5 + 0.5 ns.
D:R blocker 40 pglul 99.5 + 0.5 99.5 + 0.5 ns. 100 £0 100 + 0 ns.
2.0ug/pl 100 + 0 99.2 + 0.4 ns. 99.5 + 0.5 100 + 0 ns.
DzR blocker 4.0 pg/pl 99.3 £ 05 100 £ 0 ns. 100 £ 0 100 + 0 ns.
2.0pg/ul 99.6 + 0.4 99.3 + 0.4 ns. 97.8 + 1.1 99.6 + 0.4 ns.
5-HT1aR blocker 40 pglpl 993 + 0.5 96.8 + 3.2 ns. 993+ 05 99.6 + 0.4 ns.
02 pg/pl 98.5 + 1.0 99.0 + 0.6 ns. 96.5 + 1.8 98.0 + 0.9 ns.
3-HT2aR blocker 2.0 pg/pl 99.5 £ 0.5 100 £ 0 ns. 99.5 + 0.5 99.0 + 0.6 ns.
Saline 100 + 0 99.6 + 0.4 ns. 100 + 0 100 + 0 ns.
Reaction omission
2.0pg/ul 03+ 02 04 +03 ns. 02 +02 0+0 ns.
DiR blocker 40 pglpl 02+02 14+ 09 ns. 02+02 16+ 09 ns.
2.0 g/l 0+0 0+0 ns. 0.4 + 0.2 0+0 ns.
D2R blocker 40 pglpl 01+0.1 01+01 ns. 02+ 02 02402 ns.
2.0pg/pl 07403 07 + 04 ns. 05+ 03 05+ 02 ns.
5-HT1R blocker 4.0 pg/pl 0.6+ 0.3 0+0 ns. 0.7 +05 0.6 + 0.4 ns.
0.2 pg/ul 040 02+02 ns. 08+ 0.6 02402 ns.
5-HT2R blocker 20 pg/pl 0.8+02 04+02 ns. 1.0+ 04 04 +02 ns.
Saline 0.3 +£0.2 03 +£0.2 ns. 03 +£0.2 0.6 +03 ns.

Values: mean =+ SEM. ns.: not significant.
" p<0.05.

the rat prefrontal cortex (Santana et al., 2009), it is conceivable that
D,R-containing AIC neurons may preferentially contribute to risky
decision making.

The fact that intra-OFC injections of D1R and D,R blockers had
no effect on risk preference is consistent with scarcity of dopami-
nergic fibers (Ohara et al., 2003; Van De Werd and Uylings, 2008)
and expressions of D1R and D,R mRNA (Santana et al., 2009) in
that region in the rodent. Conversely, the OFC projects to midbrain
dopamine neurons (Hoover and Vertes, 2011), and the OFC may
thereby affect regions receiving strong dopaminergic input. Given
that the OFC suppresses risk-seeking (Ishii et al., 2012) it may do
so via stimulation of midbrain dopamine neurons projecting to the
AIC.

Midbrain dopamine neurons code a wide variety of reward
value parameters including reward probability and risk (Fiorillo
et al., 2003). In risky situations as used here, where the subject
has learned about the possible outcomes and their probabilities
of occurrence (i.e., equal chances of receiving and not receiving a

Table 2

reward), dopamine neurons show phasic firing increases after wins
and pauses after losses (Oyama et al., 2010; Fiorillo, 2011). Given
these properties, the dopamine responses to wins may serve to sup-
press repeated choice of the risky option after a win via D, receptors
in the AIC.

4.2. Serotonin in the AIC and the OFC

We found that 5-HT;sR blocker increased risk preference in the
AIC whereas it decreased risk preference in the OFC. To our knowl-
edge this is the first study showing target region-specific roles of
serotonin in risky decision making.

In contrast to the win-related role of dopamine, our data sug-
gest that AIC serotonin may be involved in risky decision making
particularly after losing and suppress subsequent risk taking via
5-HT;a receptors. Serotonin is thought to play a key role in neg-
ative reinforcement and loss aversion (Tanaka et al., 2009; Cools
et al,, 2011). Global serotonin depletion in monkeys and rats also

Summary of present results; effects of receptor subtype selective antagonist in the AIC and OFC. An upward arrow or a downward arrow indicates increase or decrease of
risk preference, respectively. Note that blocking 5HT; receptors has opposite effects on risk taking in AIC and OFC.

Outcome history Target region

AIC

OFC

After winning

After losing

After winning After losing

Type of receptor subtype selective blocker

D:R - _
D,R 4 -
5-HT;AR - 4
5-HT:aR - -
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promotes risky choice after punishment arising from a risky choice
(Long et al., 2009; Koot et al., 2012). Our data are consistent with
these findings and suggest that one route in which these effects
may arise is through 5-HT; 4 receptors in the AIC.

The 5-HT;4R blocker in the OFC decreased risk preference both
after winning and after losing. Thus, OFC serotonin appears to
suppress the natural function of the OFC in risky decision mak-
ing regardless of outcome history. OFC serotonin is thought to be
involved in behavioral flexibility and adjustment to changes in
stimulus-outcome contingencies (Roberts, 2011). In the present
study, OFC dysfunction due to 5-HT; 5 receptor blockade might have
reduced overall sensitivity to the changing outcomes of the risky
option. In any case, the 5-HTq4 receptors in the OFC appear not
to act specifically on the link between either gains or losses and
subsequent action selection.

Given that the outcome-history dependency of the effects of
serotonin receptor blockade differed between the AIC and OFC, it
is conceivable that serotonin has different functions in the two
regions. In this context it is worth noting that systemic manipu-
lations of serotonin in punishment (as well as reward and decision
making) tasks have not yielded consistent findings across stud-
ies (Rogers et al., 2003; Murphy et al., 2009). In addition, neural
responses of raphe neurons to reward and other task events are
heterogeneous (Ranade and Mainen, 2009; Inaba et al.,2013). Some
neurons are excited by larger reward whereas others are excited
by smaller reward or reward omission (Nakamura et al., 2008).
Thus, the role of serotonin may not be limited to punishment learn-
ing. Future investigations may benefit from precise dissociation
between functionally different groups of serotonergic neurons, and,
based on the present results, from focusing on history-effects.

Blockade of 5-HT; receptors in the AIC and OFC altered risk pre-
ferences, whereas blockade of 5-HT; R receptors there had no effect
on risk preferences. This could suggest that the increased risk aver-
sion of humans after systemic injection of the low-affinity 5-HT,a
blocker ketanserin (Macoveanu et al., 2013) is not mediated by
serotonin in the AIC and OFC. However, given that in the PFC about
60% of the pyramidal neurons and 20% of the GABAergic neurons
contain 5-HTy4 and 5-HT,, receptors, and the two receptor sub-
types are highly co-localized (Amargos-Bosch et al., 2004; Santana
et al., 2004), it is somewhat unexpected that injecting the 5-HT;aR
blocker in the AIC and OFC did not affect risk preference. 5-HTaR
may thus co-work with other systems. Further experimentation is
thus needed to elucidate the relation between risk taking and the
5-HT,, receptors in both regions.

4.3. Outcome history-dependent effects of dopamine and
serotonin in the AIC and OFC

The present study suggests that AIC dopamine via D, receptor
affectsrisk preference after a risky choice resulted in a win, whereas
AIC serotonin via 5-HTq4 receptor affects risk preference after a
risky choice resulted in a loss. These outcome history-dependent
effects imply that the two neuromodulators signal previous reward
events with a time resolution in the order of seconds. In other
words, the effects occur from trial to trial in the present task rather
than arising from a more global influence on motivation over a
whole session. Indeed, single unit recoding studies of dopamine
neurons in the substantia nigra/ventral tegmental area and puta-
tive serotonin neurons in the dorsal raphe nucleus have shown
that these neurons respond phasically to outcomes within the
span of milliseconds or seconds (Schultz, 1986; Nakamura et al.,
2008). These activities could affect subsequent reward- and loss-
related behavior and concomitant neural activity. In line with this
notion, history-dependent effects of dopamine and serotonin have
been reported by previous studies (reviewed in Rogers, 2011).
The present findings add to the previous ones by demonstrating

opposite outcome history-dependent effects of dopamine and sero-
tonin in the same region and in the same task.

4.4. Conclusion

We have previously shown that inactivating the AIC decreases
risk preference of rats, whereas inactivating the OFC increases it
(Ishii et al., 2012). By implication, in intact animals the AIC appears
to increase the propensity to make risky decisions whereas the OFC
decreases it. The present study investigating how dopamine and
serotonin affect risk preference through different receptor subtypes
in the AIC and OFC found that D, and 5-HT;4 receptor blockade in
the AIC increased risk taking and 5-HT;, receptor blockade in the
OFC decreased it. It thus seems that dopamine acting through D,
receptors inhibits the function of the AIC and that serotonin acting
through 5-HT4 receptors inhibits the function the OFC as well as
that of the AIC. Since the activations of both D, and 5-HTq 5 receptors
decrease neuronal excitability (Barnes and Sharp, 1999; Seamans
and Yang, 2004), blocking these receptors in the present study may
have disinhibited the normal functions of the AIC and OFC in risky
decision making.

However, because D{R and 5-HT;4R blockers in the AIC had
different outcome history-dependent effects, AIC dopamine and
serotonin appear to be involved in different aspects of risky deci-
sion making. Dopamine released after wins may, via D, receptors,
suppress the risk-seeking function of the AIC and thereby pre-
vent repeated risky choices after wins, whereas serotonin released
after losses may, via 5-HTy receptors, suppress AIC function and
prevent repeated risky choices after losses. Thus, dopamine and
serotonin in the AIC appear to synergistically guide risky choice in
an experience-dependent manner.
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